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ABSTRACT 

This report presents the results of investigations conducted in 
1974 as part of the zooplankton preoperational study relative to the 
Donald C. Cook Nuclear Plant, Temperature and Secchi disc data collected 
during seven monthly surveys (April to October) are described. Zooplank- 
ton data collected during each survey cruise are presented in addition to 
data collected from the intake waters of the power plant in November 1974 
and January 1975. These data are used in conjunction with physical data 
to provide a description of fluctuations in zooplankton standing stock 
and species composition during the four seasons of the year. 

Spatial heterogeneities in zooplankton distributions over the survey 
area in spring (April), summer (July), and autumn (October) were analyzed 
by using principal component analyses. Zooplankton were least abundant 
close to shore (within the 5-10 meter depth contour) and most abundant 
offshore (beyond the 15-20 meter but within the 40-meter depth contour). 
Selective fish predation by planktivorous fish such as the alewife, smelt, 
spottail shiner, trout perch, and yellow perch appeared to be of great 
importance in contributing to differences in abundance and species compo- 
sition of zooplankton between zones. The direction of water flow was of 
secondary importance, while phytoplankton abundance and species composi- 
tion appeared to exert a minor influence, if any. 

Further studies were conducted in 1974 to refine the sampling tech- 
niques currently being used as part of the 1975 postoperational condenser- 
passage study. One study investigated whether or not zooplankton were 
heterogeneous ly distributed in the forebay at any one sampling time. 
While zooplankton did vary in abundance at the various locations within 
the intake forebay, a statistically representative sampling location was 
determined . 

A new sampling apparatus was designed to collect zooplankton for the 
mortality studies; the earlier apparatus was extremely damaging to the 
zooplankton during the collection process. Further studies were contin- 
ued in the use of vital dyes as an aid in distinguishing between living 
and dead zooplankton. Erythrosin B was promising but proved unreliable, 
and the 1975 postoperational studies continue to use visual methods to 
separate living and dead zooplankton. 

Core samples were collected at the 6-meter and 9-meter depth contours 
as part of a joint benthos-zooplankton study of the macro- and micro- 
invertebrates which live in the vicinity of the intake and discharge 
structures of the power plant. Epibenthic zooplankton were very abundant 
and consisted both of epibenthic forms and forms commonly associated with 
the plankton. Some of the epibenthic zooplankton enter the water column 
at night and may become subject to condenser passage. 
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INTRODUCTION 

The Donald C. Cook Nuclear Plant is located on the southeastern 
shore of Lake Michigan. Construction of the power plant began in 1969. 
As of February 1975, Unit 1 of the plant was operational while construc- 
tion of Unit 2 had yet to be completed. 

Cooling water is drawn from Lake Michigan through three intake pipes 
located 686 m offshore in 7.3 m of water (Fig. 1). At full operating 
capacity, approximately 1,646,000 gal/min (7,483 m^/min) are drawn from 
the lake. Ten minutes later the water is returned to Lake Michigan 
through two discharge pipes located 366 m offshore in 5.5 m of water 
(United States Atomic Energy Commission 1973). 

When the power plant became operational it may have begun to adverse- 
ly affect various regions of the lake or areas along the shoreline. 
Limnological and terrestrial studies of the flora and fauna in the vicin- 
ity of the power plant were started a number of years ago. These studies 
provide a data base from which descriptions of preoperational conditions 
can be made. The studies also may allow predictions and/or estimates to 
be made of the environmental impact which results from the operation of 
the power plant. This report deals with the 1974 preoperational zoo- 
plankton investigations. 

The zooplankton investigations will br, focused primarily on 
their role in the normal functioning of the lake ecosystem. Zooplankton 
as consumers of phytoplankton do in some ways affect the species composi- 
tion of the phytoplankton (Porter 1972), although it is more generally 
believed that the size distribution of the phytoplankton determines the 
species composition of the zooplankton (Gliwicz 1969) . As producers of 
fecal pellets and carcasses, zooplankton may affect the quality of the 
lake water and the abundance and species composition of the benthos 
(Lellak 1966) • As many species of fish are size-selective in their 
feeding (Brooks and Dodson 1959; Hrbacek and Novatna-Dvorakova 1965; 
Wells 1970) , the species composition and abundance of zooplankton in an 
area may affect and be affected by the distribution of fish. 
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The zooplankfon investigations began in 1970 when a large survey 
grid was designed and a number of stations selected (Ayers et al. 1969). 
The number of stations which have been ex.am3ned has varied over the years; 
currently 30 are studied during the three major cruises (Fig. 2) and 14 
stations during the four or five short cruises of each year. The station 
grid has a 253 square km area and extends 11 km offshore and 11 km north 
and south of the plant site. 

Although the plume is expected to be thermally detectable only withr'.n 
1.5 km of the plant site, the survey grid extends well beyond this area. 
In the zooplankton studies, this allows stations located far from the 
plant site to serve as controls when the stations close to the plant 
site are examined for the possible impacts that the operation of the 
plant may have on the zooplankton. As the plume may flow in a number of 
directions, including offshore, it was necessary to have the survey grid 
extend some distance along the shore and out into the lake. 

The zooplankton program has three goals. First, it has attempted 
to determine which zooplankton species were present within the survey area 
during the preoperational period and how their abundances varied from 
month to month. These surveys have been limited to the period April 
through October for most years, although November cruises were completed 
in 1971 and 1972. The results of these cruises have been reported for 
1970 (Ayers et al. 1971, 1973a); 1971 (Ayers et al. 1974); 1972 (Roth 
1973); and 1973 (Stewart 1974). The 1974 field survey data appear in 
this report. 

The second objective is to investigate the spatial variations in 
zooplankton abundances over the survey area in the preoperational years. 
This is an important study as the plume is expected to flow over differ- 
ent areas of the survey grid at different times of the year and may affect 
different populations of zooplankton. By investigating the factors 
which contribute to spatial heterogeneities in zooplankton distributions, 
it may become easier to understand the functioning of the aquatic eco- 
system and thus predict how the plume may affect different components 
of that system. The results of investigations of the spatial hetero- 
geniety in zooplankton distributions in April (spring) , July (summer) 





FIG. 2. Survey grids and station locations for (a) major 
surveys and (b) short surveys. 



and October 1974 (autumn) are discussed in this report. 

The third objective of the zooplankton study is to determine the 
degree to which zooplankton abundances and species compositions vary 
from one year to the next. This has not yet been done in detail, and 
the results of this study will appear in a later report. Initial analysis 
indicates that in the spring the temperature of the water is an important 
factor in controlling the abundances and species composition of the zoo- 
plankton. The first section of this report presents the water tempera- 
ture and Secchi disc data which were collected in 1974. 

In 1975, when the power plant became operational, the zooplankton 
investigations were expanded. Zooplankton collections were made in the 
intake water (in the forebay) and in the discharge water (in the dis- 
charge bay) , and the numbers and species compositions of these organisms 
were determined. The percentage mortality of the zooplankton in these 
tvo areas was determined. Part of 1974 was spent in attempting to 
select a statistically representative sampling location in the forebay 
and in improving collecting and handling techniques for the zooplankton 
live-dead determinations. The results of these investigations are pre- 
sented in Sections 4 and 5 of this report. 

A study was made in July 1974 of the epibenthic zooplankton in the 
vicinity of the intake and discharge structures. These zooplankton are 
not sampled as a regular feature of the zooplankton investigations, but 
it was thought that a series of samples would be of use because: 1) the 
epibenthic zooplankton may be subject to condenser passage and/or en- 
trainment; 2) the epibenthic zooplankton may be a significant food 
source for the various planktivorous fish and benthos which occur in 
the nearshore area; 3) as carnivores and detritus feeders, the epi- 
benthic zooplankton may consume zooplankton which are damaged or killed 
during condenser passage and then settle out of the water column near 
the power plant. Epibenthic zooplankton may therefore be indirectly 
affected by the plume location. The results of this study are presented 
in Section 6 of this report. 

The results of the 1974 preoperationcil zooplankton investigations 
are presented in six sections, each with its own discussion. A complete 
bibliography appears at the end of the report. 



SECTION 1 

THE TEMPERATURE AND SECCHI DISC DATA COLLECTED 
DURING THE 1974 SURVEY CRUISES 

INTRODUCTION 

Temperature is probably the most frequently measured variable in 
limnology and oceanography. Physicists, chemists and geologists deter- 
mine temperature in order to estimate the rate of various processes. 
Biologists measure temperature in order to describe the thermal character- 
istics of the water in which organisms live and in the water from which 
they are excluded. For those organisms whose physiology is well under- 
stood, a description of the water temperature gives an indication of the 
rate of various metabolic processes. 

The density of fresh water is almost entirely dependent upon its 
temperature. As water flows along planes of equal density, the measure- 
ment of the temperatures of a water body may give an indication of its 
direction of flow. The direction of surface water flow is strongly 
influenced by wind direction. 

The temperature of surface water is dependent largely upon meteoro- 
logical conditions. Water temperature fluctuates annually with the 
changing seasons and the varying amounts of solar radiation. Lake temper- 
atures may also vary quite markedly from year to year as meteorological 
conditions change. Measurements of surface-water temperatures can give 
an indication of earlier meteorological events. 

Secchi disc readings are commonly made by biologists; these readings 
give an indication of the transparency of the water. Suspended solids 
of many types affect the transparency of waters; however, in the oceans 
and the open waters of lakes where the input of colloids and solids from 
terrestrial sources is small, phytoplankton cells are probably the most 
Important reducers of light penetration. Secchi disc readings have 
frequently been used to give a rough indication of the standing stock 
of phytoplankton where Secchi disc readings are inversely related to 
standing stocks of phytoplankton (Ladewski and Stoermer 1973). 



Secchl disc readings and surface-temperature measurements have been 
determined during all the survey cruises since 1971. Beginning in 1974, 
temperature profiles were determined at all stations during each cruise. 

The current pattern in Lake Michigan has been described by Ayers 
et al. (1958), and for the inner mile of the survey grid by Ayers and 
Huang (1967) and Ayers et al. (1967). Generally, the inshore waters 
(1.5 km from shore) flow parallel to the shore with the current direction 
and speed varying with the velocity of the wind. In the summer, the flow 
is most frequently to the north while in the winter it is frequently to 
the south. In the summer, the Michigan City-Benton Harbor eddy forms 
in the offshore region where it rotates in a counterclockwise direction. 

Upwellings are common during the summer and autumn (Seibel and 
Ayers 1974) and occur when subsurface offshore water is transported in- 
shore during certain meteorological and llmnological conditions. Limno- 
logical conditions in the inshore region may be drastically altered 
during an upwelling. The inshore region may be enriched with nutrients, 
and the standing stock of phytoplankton may increase. Upwelled water 
may bring in deep-water forms of zooplankton which are not normally found 
in the inshore area during the summer. Inshore fish may avoid the 
relatively cold upwelled waters and may concentrate in areas away from 
the upwelling. 

METHODS 

Surface temperatures were measured either by collecting a bucket of 
water and measuring the temperature with a thermometer or by lowering a 
thermistor into the water and reading the temperature on a YS-1 recorder. 
Beginning in 1974, temperature profiles were measured regularly at all 
stations by using an electronic bathythermograph and a chart recorder. 
With the settings used, temperature could be read to an accuracy of -0.5°C 
and depth with an accuracy of _0.25 m. At each station, both descending 
and ascending traces were recorded from the surface of the water to the 
bottom of the water column and from the bottom to the surface of the 
water column. 



Secchi disc readings were measured by using an 8-inch diameter 
Secchi disc. Measurements could not be made at all stations as some 
stations were occupied after sunset. 

RESULTS 

20 April 1974 

April is usually a period of warming of the lake water. Surface 
temperatures (Fig. 3a) were highest inshore, reaching a maximum of over 
S^C and decreasing offshore to less than 4°C. The thermal bar was approx- 
imately 11 km offshore. 

The isotherms ran parallel to the shoreline. The water flowed paral- 
lel to the shore with some of the warmer inshore waters mixing out into 
the colder offshore waters. The water column was isothermal (Fig. 4) at 
all stations. The water was easily mixed so that heating which occurred 
at the surface was rapidly transferred throughout the water column. 

The lowest Secchi disc readings (Fig. 3b) occurred inshore and were 
less than 1.5 m; these low values may be indicative of a high standing 
stock of phytoplankton. The inshore area was probably favorable to 
phytoplankton production at this time of the year because of high dis- 
solved nutrients, relatively high temperatures, and the shallowness of 
the water column which prevented phytoplankton from being mixed below 
the compensation depth. Conversely, conditions were less favorable off- 
shore primarily because of the low temperature of the water and because 
the depth to which phytoplankton were mixed was probably greater than the 
compensation depth. Secchi disc readings offshore were over 4 m. 

15 May 1974 

Surface-water temperatures were approximately 3°C higher in May 
(Fig. 5) than in April. At the stations closest to shore, temperatures 
were 10° to 11°C while 11 km offshore they were 7°C. The isotherm and 
probably the water flow were parallel to the shore. 

The water was isothermal at most stations (Fig. 6). There was, 
however, a small amount of stratification in the water column 11 km off- 
shore. 
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FIG. 3. (a) Surface-water temperatures, °C, and (b) Secchi 
disc depths, m, on 20 April 1974. 
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FIG. 4. Temperature profiles with depth along the DC- 
transect on 20 April 1974. 



Within 1.5 km of shore, Secchi disc readings were less than 2 m 
(Fig. 5a, b). Further offshore, readings were 2-3.5 m. Readings were 
higher in May than in April with the exception of stations located 11 km 
miles offshore. These data suggest that while the phytoplankton standing 
stock was high in May, it was slightly less than that in April with the 
exception of the area furthest offshore. 

IS June 1974 

Surface temperatures in June (Fig. 7a) were 5-6°C higher than in 
May. Inshore temperatures were 15-17 °C while offshore temperatures were 
12°C. 
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FIG. 5. (a) Surface-water temperatures, 
disc depths, m, on 15 May 1974. 
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FIG. 6. Water temperatures with depth along the DC- 
transect on 15 May 1974. 



The water column (Fig. 8) was stratified. The greatest thermal 
stratification was exhibited at the stations furthest from shore; stations 
within 1.5 km of shore had only a small amount of thermal stratification. 
This stratification divided the water column into a warm epilimnion and 
a colder hypolimnion, tending to prevent nutrients which were regenerated 
in the deep water from being mixed back up into the surface waters. 
Secchi disc readings (Fig. 7b) were less than 3 m close to shore, and at 
11 km offshore Increased to over 5 m. These values were higher than in 
May and suggest that there had been a reduction in the standing stock of 
phytoplankton. 
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FIG. 7. (a) Surface-water temperatures, °C, and (b) Secchi 
disc depths, m, on 13 June 1974. 
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FIG. 8. Water temperatures with depth along the DC-transect 
on 13 June 1974. 



II July 1974 

The July cruise (Fig. 9a) was during an upwelling. Inshore temper- 
atures were less than 13 °C in the center of the upwelling and increased 
to 17 °C north and south of the upwelling. Eleven kilometers offshore, 
temperatures reached a maximum of 11" C 

The upwelling is well illustrated in Figure 10 which shows the 
temperature-depth profile along the DC- transect. The isotherms slope 
upwards toward the shore. At stations which were within 6-8 km of shore, 
the deep water was colder in July than in June. July was a period of 
strong thermal stratification of the water column. 

There was a rough correlation between Secchi disc readings (Fig. 9b) 
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FIG. 9. (a) Surface-water temperatures, °C, and (b) Secchi 
disc depths, m, on 11 July 1974. 
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FIG. 10. Water temperatures with depth along the DC- transect 
on 11 July 1974. 



and the center of the upwelling. Values were less than 2 m close to 
shore and in the center of the upwelling, and were over 3 m south of the 
upwelling. Values increased to 3-5 m over most of the offshore area with 
high values of 6-7 m occurring at the extreme offshore corners of the 
survey grid. 

22 August 1974 

Surface temperatures (Fig. 11a) were higher in August than in July. 
Inshore temperatures were less than 22.5°C north of the plant and were 
greater than 23 °C south of the plant. Temperatures increased offshore 
to nearly 24° C. As the cooler water was found close to shore, the cruise 
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FIG. 11. (a) Surface-water temperatures, 
disc depths, m, on 22 August 1974. 



'C, and (b) Secchi 
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may have been taken at the beginning of an upwelling. The water was 
strongly thermally stratified (Fig. 12). 

Secchi disc readings (Fig. lib) were less than 5 m close to shore 
and increased to 5-6 m offshore. These high readings may indicate a low 
standing stock of phytoplankton. 

12 Se-ptemher 1974 

The EBT data for September are incomplete. An intermittent short 
circuit in the electronics resulted in traces which, at certain stations, 
indicated surface temperatures which varied by more than 1°C from that 
indicated by the YS-1 thermistor. At some stations the depth trace was 
inaccurate. 
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FIG. 12. Water temperatures with depth along the DC-transect 
on 22 August 1974. 
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Surface water (Fig. 13a) was generally warmest (19.5°C) close to 
shore and decreased to less than 18.5°C 11 km offshore. There was a 
tongue of cooler water (<19.5°C) centered on the DC-transect and extend- 
ing approximately 1.5 km offshore. A second mass of cooler water (<19.5°C) 
was located 3-6 km offshore along the southern half of the survey grid. 

Surface temperatures were lower than in August. The few good EBT 
traces (Fig. 14) which were obtained indicated that the thermocline was 
still well developed in the offshore region but was weak in the inshore 
region. Therefore this cooling of the surface water may have been assoc- 
iated with the autumn breakdown of the thermocline. Lower water temper- 
atures also may have been associated with an earlier upwelling. 

Secchi disc readings (Fig. 13b) were lower in September than in 
August. Values were 3-4 m close to shore and increased to a maximum of 
4.5 m offshore, September therefore may have been a period of increased 
standing stock of phytoplankton. 

9 Octohev 1974 

October was a period of cooling of the surface waters (Fig. 15a), 
and there was approximately a 5°C decrease in temperatures below Septem- 
ber values. Temperatures were slightly lower than 14''C inshore and in- 
creased to a little over 14°C offshore. The thermocline was broken down 
nearshore (Fig. 16). 

Secchi disc readings (Fig. 15b) were low. Values were less than 
2 m in the inner 3-km from shore and increased only to 3 m 11 km off- 
shore. October was therefore a period of cooling, of mixing of hypolim- 
netic and epilimnetic waters, and possibly a period of increased phyto- 
plankton standing stock. 

DISCUSSION 

The temperature and Secchi disc data illustrate the well known sea- 
sonal patterns of lake temperatures and phytoplankton standing stocks. 
Water temperatures, which are minimal in winter, increase in the spring. 
Associated with this increase is a probable increase in primary produc- 
tion and in the standing stock of phytoplankton. 



19 





KILOMETERS 



FIG. 13. (a) Surface-water temperatures, 
disc depths, m, on 12 September 1974. 
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FIG. 14. Water temperatures with depth along the DC-transect 
on 12 September 1974. 



With continued warming at the surface, thermal stratification dev- 
elops in the water column during June and becomes more intense through- 
out the summer. This stratification presents a barrier to the movement 
of nutrient-rich hypolimnetic water into the epilimnion, probably re- 
sulting in a decrease in primary production and in the standing stock 
of phytoplankton in the epilimnion. Upwellings occur throughout the 
summer and are a mechanism by which nutrients are transferred back into 
the surface waters. 

Cooling of the water column begins in the autumn, and the thermal 
stratification of the water is reduced and lost. As the water becomes 
isothermal it is more readily mixed and there is an exchange between 
epilimnetic and hypolimnetic waters, resulting in an increase in the 
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FIG. 15. (a) Surface-water temperatures, 
disc depths, m, on 9 October 1974. 
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FIG. 16. Water temperatures with depth along the DC-transect 
on 9 October 1974. 



amounts of dissolved nutrients in the surface waters and possibly a 
second period of increased primary production and standing stock of 
phytoplankton. 

This pattern, while basic to the lake, is subject to considerable 
variation from one year to the next. Initial analyses of the preopera- 
tional temperature data suggest that spring of 1972 was considerably 
colder than in 1971, 1973, or 1974. Conversely, 1973 was generally a 
year of relatively warm lake temperatures. 

The temperature of the thermal plumes may vary quite markedly during 
the summer depending upon whether or not there is an upwelling. During 
most of the summer, the intake cribs will draw in epilimnetic water (and 
associated epilimnetic zooplankton) with temperatures as high as 22°C. 
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Assuming that the water is heated 11°C during condenser passage, the 
discharged cooling water may approach temperatures as high as 33 °C. 
This temperature approaches the lethal limits for epilimnetic zooplank- 
ton. Conversely, during an upwelling, hypolimnetic water with tempera- 
tures of 8°C or less will pass through the condensers and the resulting 
discharged water will have maximum temperatures of 19°C. During an 
upwelling, hypolimnetic zooplankton with their probable narrow range of 
thermal tolerances may pass through the power plant and then eventually 
appear in the surface waters of the thermal plume. 

Meteorological conditions which cause upwellings may also alter 
the direction of flow of the thermal plume. During an upwelling the 
surface waters move offshore and the thermal plume may also move offshore 
rather than hug the coast. 

A thermal plume which contains condenser-passed water from the hypo- 
limnion would have slightly higher concentrations of dissolved nutrients 
than the surrounding eplimnetic waters. This may result in an increase 
in primary production (and possibly standing stock of the phytoplankton) 
in the immediate area of the plume. However, because of the tremendous 
dilution of condenser water by lake water, this may not be a significant 
increase. 
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SECTION 2 

THE SEASONAL AND SPATIAL DISTRIBUTIONS OF ZOOPLANKTON 
IN THE SURVEY AREA DURING 1974 AND EARLY 1975 



INTRODUCTION 

Field surveys in 1974 were conducted in much the same manner as in 
1972 and 1973. Data from the 1974 cruises provide additional information 
on the spatial and seasonal variability in the distribution and composi- 
tion of the zooplankton. The same format is used as Stewart (1974) used 
for the 1973 data. 

The 1974 field data provide further information on the year-to- 
year variations in zooplankton abundances. These variations have not yet 
been subjected to rigorous analyses and so are not included in this 
report. However, the analyses are being made and the results will appear 
in a later report. 

METHODS 

Methods used in the 1974 field season were the same as in 1973. 
Zooplankton were collected over the major survey grid (Fig. 2 a) in 
April, July, and October, and over the short survey grid (Fig. 2 b) in 
May, June, August, and September. Poor weather and rough lake conditions 
prevented taking the November cruise. 

Plankton were collected at each station with a 50-cm diameter plank- 
ton net (mesh size, 156 y) . A calibrated flowmeter mounted in the mouth 
of the net allowed, estimates to be made of the amount of water filtered 
during each vertical haul. Each vertical haul was made from as close 
to the bottom as possible to the surface; three hauls were made at each 
station. The flowmeter was read, the net washed down with water from a 
hose, the contents of the cod-end transferred to a labelled jar, and 
the sample preserved with Koechie's fluid (a sugar-formalin solution). 

In the laboratory, zooplankton in the first two replicate samples 
were counted; the third sample was occasionally examined when there 
was poor agreement between the counts in the first two replicates. Each 
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sample was subdivided in a Folsom plankton splitter as many times as 
necessary to give two subsamples of 350-500 zooplankters each. These 
subsamples were counted to the genus or species level, depending on the 
station and the cruise. A third subsample of 700-1,000 zooplankton was 
examined for the rare zooplankton (less than 40 animals and 10% of the 
subsample) . Zooplankton were enumerated in a circular counting dish; 
a stereozoom microscope was used. 

Zooplankton dry weights were determined on samples containing rela- 
tively small amounts of phytoplankton and detritus. Each subsample was 
visually examined and a subjective judgment made as to whether the zoo- 
plankton contributed to the major fraction of the biomass of that 
sample. Biomass determinations were made on less than half the stations. 
Inshore stations during all months generally had large amounts of phyto- 
plankton and detritus, as did many of the midshore and offshore stations 
during the spring and summer. 

After the plankton subsamples had been examined and the numbers and 
species compositions of the zooplankton determined, the subsample was 
vacuum-filtered on a preweighed Whatman filter, oven dried at 100°C for 
4 hr, and then weighed 1 min after removal from the drying oven. Cal- 
culations were made of the mean dry weight of zooplankton per cubic 
meter of water at each station and of the mean dry weight per individual 
zooplankter. 

RESULTS 

The results are presented for each survey cruise, including descrip- 
tions and graphs of the distributions and abundances of the major taxa 
of zooplankton. The data for each station also appear in the Appendix. 

Majop Survey, 20 April 1974 

The abundance of total zooplankton (Fig. 17a) varied from less than 
1,000/m-^ within 1 km of shore to over 5,000/m3 offshore. The zooplankton 
were numerically dominated by the copepods, which were reproducing at 
this time. Nauplii and adults were the most abundant forms. 
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FIG. 17. Horizontal distributions (numbers/m^) of total zoo- 
plankton and of major zooplankton taxa collected on 20 April 
1974. (a) Total zooplankton; (b) nauplii. 
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FIG. 17 continued, 
spp. copepodites. 



(c) Adult and (d) Immature Diaptomus 
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FIG. 17 continued, 
copepodites. 



(e) Adult and (f) Immature Cyclops spp. 
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Nauplii (Fig. 17b) occurred in concentrations of 400-3, OOO/m^ with 
maximum densities occurring offshore. Adult Diaptomus spp. (Fig. 17c) 
were least abundant within 1 km of shore (20-250/m3) and increased rapidly 
with distance offshore to a maximum of l,300/m3. The inshore Diaptomus 
were dominated by D. asKland-i although D. minutus and D. oregonensis 
also occurred; D. ashZandi was also the dominant species offshore. 
Apparently D. sioitis occurred only in the colder, deeper offshore waters. 
Immature Diaptomus spp. copepodites (Fig. 17 d) were less abundant than 
adults. There were less than lOO/m-* within 1 km of shore and south of 
NDC 4-4; maximum offshore concentrations were 150-300/m-^. 

Cyclops adults (Fig. 17 e) were slightly more abundant than Diaptomus 
spp. ; Cyclops biouspidatus adults were the only species observed. Zoo- 
plankton densities were less than lOO/m-^ within 1 km of shore and south 
of NDC 4-4 and increased to over l,500/m3 offshore. There were 75-500/m^ 
immature copepodites within 1 km of shore; offshore the abundance (Fig. 
18f) increased to over 800/m^. 

Other species of copepods occurred only sparsely. Limnocalanus 
macno'us was found offshore in maximum densities of over SO/m-*; this 
species was reproducing and immatures were the dominant form. Tvopooyclops 
prasinus mexicanus adults were most abundant offshore and reached maximum 
densities of over 60/m3 11 km offshore. Immatures were not observed. 

Cladocerans formed only a small component of the total zooplankton. 
Bosmina longivostris and Daphnia spp. were the dominant forms; B. long- 
ivostris occurred in maximum densities of 40/m at 1-6 km from shore 
while Daphnia spp. were most abundant (less than 25/m^) at 1-3 km from 
shore. Daphnia geleata mendotae, D. retrocupva, and D. longivemis were 
all present. Chydorus sphaevious and Eubosmina coregoni occurred in 
low densities within 3 km of shore. Sporadic distributions of Holo- 
pedivm gibhenan and the rotifer Asplanohna spp. were also found within 
3 km of shore. 

Short Survey, 15 May 1974 

The May zooplankton were again dominated by the copepods. However, 
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the dominant forms were immature copepodites rather than nauplii and 
adults as was observed in April. Total zooplankton abundances (Fig. 18a) 
were 5-8 times greater than in April. The lowest zooplankton densities 
of less than 6,500/m^ occurred within 1 km of shore; they were most 
abundant (over 16,000/m-') 5-8 km offshore. 

Nauplii (Fig. 18b) were more abundant than in April although they 
accounted for a smaller fraction of the total zooplankton. Concentra- 
tions were less than SOO/m-* within 1 km of shore and increased to over 
4,000/m^ 6 km offshore, 

Dtccptomus spp. adults (Fig. I8c) were less abundant than in April. 
As in April, adults were least abundant inshore (less than 80/m^) and 
increased with distance offshore to a maximum of over 300/m . The most 
common species was D. ashtandi, followed by D. minutus and D. oregonen- 
sts; D. si-ci'Lis was the least abundant species and was found only off- 
shore. Immature D-iaptomus spp. copepodites (Fig. 18d) were more abun- 
dant than in April and occurred in maximum concentrations of 4,000/m3 
3-5 km from shore; they were least abundant (less than 600/m ) within 1 
km of shore. 

Cyclops spp. adults (Fig. 18e) were less abundant than in April. 
Low concentration (S/m^) of adult C. ■oemalis was observed at DC-2; the 
dominant species at DC-2, DC-5 and DC-6 was C. h-iauspidaiMS . Adults 
increased in abundance with distance offshore from less than 150/m3 
within 1 km of shore to a maximum of ovesr 550/m-' offshore. Immature cope;- 
podites (Fig. 18f) were also less abundant (less than l,500/m3) close to 
shore and occurred in maximum concentrations of over 8,000/m3 1-10 km off- 
shore. As in April, C. biauspidatus was more abundant than Diaptomus spp. 

Other species of copepods were present and reproducing but they 
accounted for only a small percentage of the total zooplankton. Episohuva 
taoustvis occurred mainly as immature copepodites, most abundant (over 
300/m-') 1.6 km offshore and generally absent more than 3 km from shore. 
Immature Euvytemove affinis copepodites were also most abundant (less 
than 50/m3) within 3 km of shore. Conversely, Limnooatanus macrurus 
was absent within 3 km of shore; the copepod occurred in maximum con- 
centrations of over 80/m 3 km offshore and decreased with further distance 
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FIG. 18. Horizontal distributions (numbers/m3) of total 
zooplankton and of major zooplankton taxa collected on 15 May 
1974. (a) Total zooplankton; (b) nauplii. 
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FIG. 18 continued, 
copepodltes. 



(c) Adult and (d) Immature Diaptomus spp. 
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FIG. 18 continued, 
copepodltes. 



(e) Adult and (f) immature Cyclops spp. 
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offshore. Tropoayalops prasinus mexiaanus was not reproducing. Adults 
were most abundant (10-50/m ) within 3 Im of shore but inshore-offshore 
differences were not large. 

Cladocerans were more numerous and accounted for a larger fraction 
of the total zooplankton than in April. Bosmina longivostvLs was most 
abundant (200-500/m3) within 1 km of shore and became progressively 
rarer with distance offshore. Similarly, Chydovus sphaeriaus was most 
abundant (13-120/m3) within 1 km of shore and rapidly decreased with 
distance offshore. Daphnia spp. (15-50/m3) and Eolopedium gihheiwn 
(7-14/m-^) were most abundant 3-6 km offshore. 

Asplanohna spp. were most abundant (over 30/m^) within 1 km of shore 
and decreased with distance offshore; they were more abundant than in 
April. 

Short Survey, 13 June 1974 

June was a period of increased standing stock of zooplankton, parti- 
cularly in the offshore region where there was a 4-fold increase in total 
zooplankton abundances; in the inshore region this increase was only 
25-50%. Total zooplankton abundances (Fig. 19a) were lowest (less than 
8,000/m ) within 1 km of shore and increased with distance offshore to 
over 30,000/m3. The zooplankton were dominated by the copepods which 
were actively reproducing at this time. Cladocerans were more abundant 
than in May and formed a larger component of the total zooplankton. 

Nauplii (Fig. 19b) Increased in abundance with distance offshore 
from 300-800/m3 within 1 km of shore to over 4,000/m3 H km offshore. 
Diaptomus spp. adults (Fig. 19c) were more numerous than in May and 
were probably the matured adults from the April generation of nauplii 
and the May generation of immature copepodites. Adult densities were 
less than SO/m^ within 1 km of shore and increased to over SOO/m^ off- 
shore. Maximum densities of over l,600/m3 occurred 6 km from shore and 
along the southern portion of the survey grid. The dominant diaptomid 
was D. minutus while D. ashlandi. was dominant offshore; this was also 
observed in 1973 (Stewart 1974). Two species, B. oregonensis and B. 
sicills, formed only a small fraction of the total adults; B. sioilis 
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FIG. 19. Horizontal distributions (numbers/in^) of total 
zooplankton and of major zooplankton taxa collected on 13 
June 1974. (a) Total zooplankton; (b) nauplii. 
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FIG. 19 continued, 
spp. copepodltes. 



(c) Adult and (d) immature Diaptomus 
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FIG. 19 continued, 
copepodites. 



(e) Adult and (f) inunature Cyclops spp. 
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was found only offshore. Immature Diaptomus spp, copepodites (Fig. 19d) 
were less abundant (less than 800/m ) within 1 km of shore and increased 
with distance offshore to over 8,00C/m^. 

Cyclops spp. adults (Fig. 19e) were more numerous than in May and 
probably originated from the April pulse of nauplii and the May pulse 
of immature copepodites. Adults increased in abundance with distance 
offshore from less than SO/m-' within 1 km of shore to over 2,400/m 
6 km offshore. The dominant species was C. bi-ouspidatus although low 
numbers of C. vevnatis were also observed. Immature C. biauspidatus 
copepodites (Fig. 19f) were also least abundant (less than 4,000/m-^) 
inshore and increased with distance offshore to over 15, 000 /m^. As in 
previous months, C. bicuspidatus was more abundant than Diaptomus spp. 

Other species of copepods formed only a small fraction of the total 
standing stock of zooplankton. Eurytemora af finis was reproducing and 
was most abundant (40-160^-*) within 1 km of shore. Episohuva tacustris 
was also reproducing but was found in low numbers at a few stations within 
1 km of shore. Limnooalanus maorwms was sporadically present as adults 
and immatures and was not found within 3 km of shore. Tropooyclops 
prasinus mexicanus occurred only as adults. There were less than S/m^ 
within 1 km of shore; concentrations increased to 40-125/m3 1^8 km offshore. 

Cladocerans were more abundant than in the preceding months. The 
dominant species, Bosm-ina longi-vostvis , was most abundant (2,700-7, 600/m3 
within 1 km of shore and decreased to less than 400/m3 11 km offshore. 
Daphnia galeata mendotae and D. retrooupva were the most abundant 
Daphnia species; small numbers of D, longiremis were observed but not 
within 6 km of shore. Daphnia spp. increased in abundance with distance 
offshore from less than 10/m-^ within 1 km of shore to over 250/m^ at 
DC- 6. Small numbers of Eubosmina oovegoni and Chydovus sphaeviaus were 
observed sporadically over the survey area and were most abundant within 
1 km of shore. 

Asphanohna spp. were more abundant than in May. There were more 

3 1 

than 600/m within 1 km of shore. Minimum abundances of less than 40/m 

occurred 5-10 km offshore. 
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Major Survey J VL July 1974 

The abundance of total zooplankton was higher than In June. Zoo- 
plankton (Fig. 20a) were least abundant (40,000/m^) within 1-3 km of shore 
with the lowest concentrations (lO.OOO/m^) occurring in the nearshore 
water south of the plant site. Highest zooplankton densities (over 
80,000/m ) occurred 5-10 km offshore with a maximum concentration of 
165,000/m3 at DC-5. 

Nauplii were more abundant than in June although they accounted for 
less than 4% of the total zooplankton. Within 1 km of shore, nauplii 
occurred in concentrations of 800-3, 500/m^ near the plant site and in 
lower concentrations of 70-300/m to the north and south. Nauplii decreased 
in abundance with distance offshore to 150-1, OOO/m^ 11 km offshore. 

Diaptomus spp. adults were also more abundant than in June; D. 
ashlandi accounted for 60-80% and was followed in abundance by D. minutus 
and D. ovegonensis; D. siailis was rare and was not found within 3-5 km 
of shore. Diaptomus spp. (Fig. 20b) occurred in concentrations of 
40-5, 000 /m within 1 km of shore and in concentrations of 1, 500-8, 700/m^ 
1-6 km offshore. Further offshore, the density of adults was less than 
3,000/m3. 

Immature Diaptomus spp. copepodites (Fig. 20c) were slightly more 
abundant in the inshore area and less abundant offshore than in June. 
They occurred in concentrations of less than 800/m to over 4,500/m3 
within 1 km of shore to 6, 100-16, 500/m 3-10 km offshore, and then de- 
creased with further distance offshore. 

Cyclops biauspidatus adults (Fig. 20d) were more abundant in June 

than in July, particularly within 1-3 km of shore; their concentrations 

3 3 

ranged from less than 800/m to over 2,400/m . Abundances increased with 

distance offshore to over 8,000/m-^ 3-6 km offshore and then decreased to 

less than SjOOO/m^. Cyclops vemalis was observed in low numbers. 

Immature Cyclops bicuspidatus copepodites (Fig. 20e) occurred in 
similar concentrations as in June. There were 5,800-8,000/m within 1 
km of shore. Abundances were greatest (over 16,000/m^) 3-10 km offshore. 

The other species of copepods were considerably less abundant than 
Diaptomus spp. and Cyclops bicuspidatus. Immature Eurytemora af finis 
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FIG. 20. Horizontal distributions (numbers /m^) of total 
zooplankton and of major zooplankton taxa collected on 11 
July 1974. (a) Total zooplankton; (b) adult Diaptomus spp. 
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FIG. 20 continued. (c) Immature Diaptomus spp. 
(d) adult Cyclops hiauspidatus . 
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FIG. 20 continued. (e) Immature Cyclops spp. copepodites; 

(f) Bosm-ina tong-Crostvis. 
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occurred in maximum numbers (160-800/m3) within 1 km of shore and de- 
creased with distance offshore; adults were rare. Immature Episohura 
laaustris copepodites occurred sporadically and were most abundant off- 
shore; adults were rare. Limnooalanus macruvus adults and juveniles 
were scarce and were most abundant 5-11 km offshore. Like D. sicilisy 
L. macTuvus did not appear inshore with the upwelling. Tropooyclops 
prasinus mex-iaanus occurred only in the adult stage and at only a few 
stations. 

The zooplankton were numerically dominated by the cladoceran Bosm-ina 
longivostris (Fig. 20f) which, over most of the survey area, accounted 
for more than 50% of the total zooplankton. Abundances were 10-100 
times greater than in June, with the largest increases occurring off- 
shore. Concentrations were generally less than 24,000/m3 within 1-3 km 
of shore with patches of less than 4,000/m3. With distance offshore, 
B. longirostvis increased in abundance to a maximum of over 80,000/m 
at 8 km and then decreased with further distance offshore. 

Daphn-ia spp. were more abundant than in June. The dominant species 
was D. retrooupva accounting for 80% of the Daphnia spp. There were less 
than 80/m3 within 1 km of shore and maximum concentrations of 250-650/m3 
5-8 km offshore. 

Polyphemus ped-ioulus, the only other abundant cladoceran, was less 
abundant (0-50/m3) within 3 km of shore, increasing with distance off- 
shore to 48-86/m^. The cladocerans Eubosmina Goregoni, Eolopedium 
gibhevim, and Leptodora kindti-i. occurred sporadically in low numbers 
over the survey area. 

Asplanohna spp. occurred in similar concentrations as in June 
(0-700/m3) although they were less abundant in the offshore regions. The 
maximum concentration was found north of the plant site. 

Short Survey^ 22 August 1974 

The abundance of total zooplankton was approximately half that of 
July (Fig. 21a), increasing with distance offshore from less than 
20,000/m3 within 1 km of shore to over 40,000/m3 6 km offshore, and 
decreasing further offshore. The zooplankton were numerically dominated 
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FIG. 21. Horizontal distributions (numbers/m^) of total 
zooplankton and of major zooplankton taxa collected 22 
August 1974. (a) Total zooplankton; (b) nauplii. 
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FIG. 21 continued. (c) Immature Diaptomus spp. 
(d) adult Cyclops spp. 
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21 continued, (e) Bosmina longivostris; (f) Daphnia 
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by the copepods. 

August was a period of continued copepod reproduction. Nauplii 
(Fig. 21b) were more abundant than in July, with maximum abundances of 
over 4,000/m3 within 1 km of shore and north of the plant and decreasing 
with distance offshore to less than 670/m3 at DC-6. 

August was the first month in which Biaptomus spp. were more abun- 
dant than Cyclops biouspidatus . The dominant species were D. ashlandi 
and D. minutus, the former relatively more abundant within 1-3 km of 
shore and the latter relatively more abundant offshore, Biaptomus spp. 
adults were less abundant than in July-^less than l,600/m3 within the 
inner 5-6 km of shore and over l,600/m3 further offshore. Immature 
Biaptomus copepodites (Fig. 21c) occurred in similar numbers in July and 
August over most of the survey area; they were more abundant 8 km off- 
shore in August than in July. Copepodites increased in abundance with 
distance offshore from less than l,600/m3 within 1 km of shore to a 
maximum of 16,000/m-^ 8 km offshore. 

Cyclops spp. adults were less abundant than in July. There were 
less than 50/m-^ within 1 km of shore, and maximum concentrations of 1,200- 
2,400/m^ were located 1-10 km offshore. Both C. biauspidatus and C. 
vemalis were collected although the latter species was comparatively 
rare. Immature copepodites (Fig. 21d) were also less abundant. There 
were less than 800/m^ within 1 km of shore; further offshore the con- 
centration increased to a maximum of 8, 000-10, 250/m^. 

Many of the other species of copepods were more abundant. Epischura 
lacustris occurred mainly as immatures; concentrations varied from less 
than SOO/m-' within 1 km of shore to over 1,600/m 8-11 km offshore. 
Conversely, Euvytemova af finis was most abundant (400-2, 400/m3) within 
1 km of shore and less abundant further offshore; it was apparently 
reproducing at this time as both adults and immatures were collected. 
Tvopooyclops prasinus mexiaanus was most abundant (500-1, 000/m-^) 1-6 
km offshore; this species was reproductive and immatures and adults 
were collected. The increase in abundance of nauplii was probably 
associated with the increased reproductive activity of Epischuva 
laaustris,- Eurytemora affinis, and Tropooyalops prasinus mexiaanus; 
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D-taptomus spp. and Cyaloips b-icuepidatus ., while reproducing, were less 
abundant than in July. 

The cladoceran Boemina tong-ipostvis became relatively less abundant 
while other genera became more abundant.. Within 1 km of shore B. tong- 
ivostris (Fig. 21e) was approximately as abundant (2, 400-10, 000/m^) as 
in July. Offshore it was considerably less abundant and attained a 
maximum concentration of 18,000/m^ at SDC 7-5 in comparison with a 
maximum concentration of 114,550/m^ at DC-4 in July. 

Eubosmina coTegoni was more abundant. Concentrations were less than 
lOO/m-* within 1 km of shore; maximum concentrations of 1, 200-2, 700/m 
were located 6-8 km from shore. 

Daphnia spp. were also more abundant. The dominant species was D. 
vetrocuwa. Daphnia spp. (Fig. 21f) increased in abundance with distance 
offshore from less than 800/m^ within 1 km of shore and south of the 
plant to 4, 000-5, 800 /m3 8-11 km offshore. 

Many other species of cladocerans were collected in increased 
numbers. Cepiodaphnia quadrangula was most abundant 5-8 km offshore 
and occurred in concentrations of over 300-800/m^. Chydorus sphaerious 
occurred in maximum concentrations of 40-95 /m^ north of the plant and 
1-11 km offshore. Diaphanosoma teuahtenbergi-anum was most abundant 
(40-90/m ) 6 km offshore. Holopediim gibberum was also most abundant 

o 

(470-950/m ) 6 km and further offshore. The carnivore Leptodora kindtii 

o 

occurred sporadically in low numbers over the survey grid (50/m ) . 
Polyphemus pedioulus was most abundant (25-150/m^) within 3 km of shore, 
in contrast with July when P. pediculus was most abundant offshore. 

Asplanohna spp. were more abundant. Within 1 km of shore, the 
rotifers occurred in concentrations of 500-1, SOO/m^ and then decreased 
with distance offshore to less than 80/m^ 10 km from shore. 

Short Survey, 12 Septembev 1974 

The concentration of total zooplankton was similar to that in August,. 
However, there was a difference in the species composition, with 
Diaptomus spp. and Cyclops spp. being relatively more abundant among 
the copepods and Bosmina Zongivostvis becoming relatively more dominant 
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among the cladocerans. The abundance of total zooplankton (Fig. 22a) 
varied from less than 16,000/m3 within 1 km of shore to a maximum of 
40, 000-50, 000/m3 6-10 km offshore. 

The zooplankton were dominated by the copepods, with immature cope- 
podites being the most abundant stage. Nauplii were less abundant 
than in August. Maximum concentrations of 1100-2400/m3 were located 
inshore, and concentrations decreased to 700-1, 300/m3 offshore, 

Diaptomus spp. were less abundant than in August. The dominant 
species were D. ashlandi and D. minutus although D. ovegonensls and B. 
siailis also occurred. Diaptomus spp. adults were less abundant (less 
than 400/m-^) within 1 km of shore and increased with distance offshore 
to a maximum of l,900/m3 at DC-5. Immatures (Fig. 22b) were also less 
abundant. Maximum concentrations were over 9,500/m3, located 8-11 km 
offshore. The lowest concentration of immatures (less than l,600/m3) 
occurred within 1 km of shore. 

Cyclops spp. adults were more abundant. Concentrations (Fig. 22c) 
were minimal (less than lOO/m^) within 1 km of shore and greatest 
(3,200-4,300/m3) 5-10 km offshore. The dominant species was C. hicus- 
pidatus with C. vevnalis being less abundant. Immature Cyclops spp. 
copepodltes were also more abundant. Concentrations (Fig. 22d) of less 
than 3,200/m were found within 1 km of shore and maximum concentrations 
(13, 000-14, 000/m3) 5-8 km offshore. Cyclops Mouspidatus was more 
numerous than Di-aptomus spp. 

The other species of copepods accounted for a smaller percentage of 
the total zooplankton than in August. Epischura lacustris was present 
but occurred in concentrations of less than ISO/m^ over most of the 
survey area. Eurytemora affinis was less abundant (16-300/m^) than in 
August, as was Tvopocyolops pvasinus mexicanus (24-400 /m3). All three 
of these species were reproductively active. 

The cladoceran Bosmina longi-rostris (Fig. 22e) was more abundant 
than in August; within 1 km of shore there were 5, 200-13, 000 /m^. Minimum 
concentrations of less than 4,700/m3 were found in two patches, one 1-5 
km offshore and the second 10-11 km offshore. 
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FIG. 22. Horizontal distributions (numbers/m^) of total 
zooplankton and major zooplankton taxa collected on 12 
September 1974. (a) Total zooplankton; (b) immature 
Diaptomus spp. copepodites. 



51 





KILOMETERS 



FIG. 22 continued, 
copepodltes. 



(c) Adult and (d) immature Cyclops spp. 
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FIG. 22 continued, 
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(e) Bosm-ina long-iyostvis; (f) Baphrvia 
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Daphnia spp. (Fig. 22f) were approximately as abundant as In August; 
D. Tetroouwa was the dominant form. Densities of less than 40/m3 were 
associated with most of the inshore water. Maximum concentrations 
(<9,000/m^) of Daphnia spp. occurred 1-10 km offshore. 

Ceviodocphnia quadrangula was less abundant (less than 160/m-^) than 
in August. Ckydovus sphaericus was more abundant but did not occur in 
concentrations above 110/m^. Euhosmina coregoni (160-700/m^) and Holo- 
pedivm gibbewm (55-240/m^) were less abundant while Leptodova kindtii 
(16-47/m-') was slightly more abundant. 

Asplanohna spp. were more abundant. Concentrations were over l,200/m3 
within 1 km of shore and decreased with distance offshore to 400/m-^ at 
DC-6. 

Major Survey, 9 Ootoher 1974 

The abundance of total zooplankton was less than in September. Over 
most of the inshore area there were fewer than 16,000 zooplankton (Fig. 
23a) per cubic meter. The copepods dominated the zooplankton although 
the cladoceran Eubosm-ina ooregoni was also an important member of the 
fauna. Offshore, zooplankton concentrations ranged from 16,000-36,000/m^. 

Nauplii continued to decline in numbers through October, occurring 
in abundances of 400-1, 600/m-' over the survey area. 

Di-optomus spp. adults were less abundant than in September; dominant 
species were B. ashlandi and D. minutus. Diaptomus spp. were generally 
less abundant (fewer than 400/m-^) within 1-5 km of shore and more abun- 
dant (over 550/m ) further offshore. Immature copepodites (Fig. 23b) 
were approximately as abundant as in September. There were 4,000/m-^ 
within 1 km of shore and 8, 000-16, 000/m further offshore. 

Cyclops spp. adults were less numerous, with less than 1, 000/m 
within 3 km of shore. Maximum densities of over 1,600/m were found 1-8 
km offshore and south of the plant. C. hi-ouspidatus was the dominant 
species while C. vernalis was rare. Immature Cyclops spp. copepodites 

were also less abundant and occurred (Fig. 23c) in concentrations of 

3 1 

less than 3,200/m within 1 km of shore and 6, 400-10, 250/m offshore. 
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FIG. 23. Horizontal distributions (numbers/m^) of total 
zooplankton and of major zooplankton taxa collected on 9 
October 1974. (a) Total zooplankton; (b) Immature Diaptomus 
spp . copepodltes . 
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FIG. 23 continued. (c) Immature Cyolops spp. 
(d) adult TvopooyaZops prasinus mexi-oanus . 



copepodltes: 
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FIG. 23 continued. (e) Daphnia spp; (f) Eubosmina ooregoni. 
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Cyclops biouspidatus was more numerous than Diaptomus spp. 

The other species of copepods were less abundant than either Cyclops 
biouspidatus or Diaptomus spp. Episahuva laaustris was more abundant than 
in September occurring as immatures and adults in concentrations of 80- 
1,500/m with the highest abundances occurring offshore. Euvytemora 
af finis adults and immatures were as abundant as in September; there were 
less than 80/m3 within 1 km of shore and they became less abundant with 
increasing distance offshore. Tvopooyolops pvasinus mexicanus (Fig. 23d) 
occurred mainly as adults and was considerably more abundant than in 
September. Concentrations ranged from 400-1, 600 /m-^. 

The cladoceran Bosmina longirostris was less abundant (50-800/m3) 
than in September. Conversely, Eubosmina ooregoni (Fig. 23e) was more 
abundant. Maximum concentrations of 1, 600-4, 500/m^ were associated with 
the water within 1 km of shore, becoming less abundant (300-1, 650/m3) 
further offshore. 

Daphnia (Fig. 23f) was the dominant cladoceran genus; D. retroourva 
was the most abundant species although large numbers of D. galeata men- 
dotae also occurred. Daphnia spp. occurred in densities of 950-8, 400/m-^. 

Holopediim gibbemm and Chydorus sphaevicus (<52/m^) were less 
abundant while Leptodova kindtii (25-200/m3) was more abundant. Asplanehna 
spp. (0-160/m3) were less abundant. 

19 November 1974 (Table I) 

A lake survey was not made in November as poor weather and rough lake 

conditions prevented the RV/MYSIS from leaving port. However, entrainment 

samples were collected in this month, from which estimates have been made 

of the abundance and species composition of zooplankton in the vicinity 

of the intake structures (approximately between DC-1 and DC-2) . The 

abundance of total zooplankton was 9,969/m3, approximately the same as 

that in October. 

The zooplankton were dominated by copepods. Nauplii were not abun- 
3 
dant (472/m ), accounting for less than 5% of the zooplankton. Adult 

Diaptomus spp. occurred in concentrations of 2,329/m3; D. ashlandi, D. 

minutus and D. oregonensis were abundant while D. sioilis was rare. 
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TABLE 1. Mean abundances, standard errors of the mean, coefficients of 
variation and percentage compositions of zooplankton collected on 19 
November 1974. (MTR 1-6 at 18 ft in the forebay of the screen house.) 





Taxa 


Mean #/m-^ 


S5 


C.V. 


% comp. 


Copepod nauplii 


472 


234 


86 


4.7 


Cyclops C1-C5 


3830 


1012 


46 


38.4 


Cyclops bi-cuspi-datus C6 


367 


101 


48 


3.7 


Tropocyclops prasinus mexi-cavus 


71 


8 


20 


0.7 


Diaptorrus C1-C5 


1820 


602 


57 


18.3 


D-taptornus ashtandi C6 


982 


103 


18 


9.9 


Diaptomus minutus G6 


447 


197 


76 


4.5 


Diaptomus oregonensis C6 


459 


150 


57 


4.6 


Diaptorrus sic-il-is C6 


261 


78 


52 


2.6 


Ep-ischur-a C1-C5 


21 


11 


92 


0.2 


Ep-iscJmra lacustris C6 


17 


4 


41 


0.2 


Eurytemova affinis C6 


4 


4 


173 


0.0 


Bosmina longivostvis 


350 


61 


61 


3.5 


ChydoTus sphaevicus 


4 


4 


173 


0,0 


Daphnia longiremus 


4 


4 


173 


0.0 


Daphn-ia galeata 


109 


15 


24 


1.1 


Daphnia vetvoGuwa 


93 


37 


69 


0.9 


Eubosmina covegoni 


556 


241 


75 ■ 


5.6 


Eolopediwn gibhevum 


13 


13 


173 


0.1 


Asplanchna spp. 


88 


34 


66 


0.9 



Total 



9969 



2474 



46 
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Immature copepodites accounted for 20% of the zooplankton and occurred in 
concentrations of l,820/m3, Diaptomus spp. adults were probably repro- 
ductive but at a lower rate than in the spring or summer. 

Cyclops hiouspidatus was less abundant as adults (367/m3) than as 
immature copepodites (3,830/m3). The immatures were mainly in the fourth 
copepodite stage (Fig. 24a) although other developmental stages were also 
present; C. hiouspidatus may have been reproducing but at a very low 



rate. 



Tropooyolops prasinus mexicanus was present (71/m^) only in the 
adult stage and was not reproductively active. Episohuva laoustris 
immatures were present (38/m3). Limnooalanus maoruvus was not collected 
in the November samples although the cold water inhabiting Diaptomus 
sioiZis was collected at this time. 

Cladocerans formed only a small component of the total zooplankton. 
The dominant form was Eubosmina oovegoni (556/m^) ; Bosmina longirostvis 
(350/m3) and Daphnia spp. (206/m3) were also collected. Chydorus 
sphaericus, Eolopedium gihhervm, Leptodora kindtii, and Asplanchna spp. 
were occasionally captured. 

30 January 1975 (Table 2) 

An entrainment study was made in January. Total zooplankton abun- 
dances were estimated at 6,178/m-^, and were dominated by the copepods. 
Nauplii were rare (17 /m^) and accounted for less than 1% of the zooplank- 
ton. Diaptomus spp. adults occurred in concentrations of 1,333/m^ and 
accounted for approximately 22%. The most abundant species was D. 
ashlandi, followed by D. minutus, D. sicilis and D. ovegonensis. 
Immatures accounted for 8% of the zooplankton. 

Cyclops hiouspidatus adults were relatively rare (296/m^) and 
accounted for less than 5% of the zooplankton. Immatures were more 
abundant (3,938/m ); a large fraction were in the fourth copepodite stage 
(Fig. 24b). There were relatively more fifth copepodites than in November, 

Limnooalanus macrurus, Eurytemora affinis, and Episohuva laoustris 
were not observed. Tropooyolops prasinus mexicanus and Canthooamptus 
sp. were collected in low numbers. 
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FIG. 24. Percentage composition of copepodite 
stages of Cyclops biauspi-datus on (a) 19 November 
1974 and on (b) 30 January 1975 in zooplankton 
camples collected from the forebay of the Cook 
power plant . 
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TABLE 2. Mean abundances, standard errors of the mean, coefficients of 
variation and percentage compositions of zooplankton collected on 30 
January 1975. (M7R 1-7 at 18 ft in the forebay of the screen house.) 



Taxa Mean ///m^ s- C.V. % comp. 



Copepod nauplii 

Cyclops C1-C5 

Cyclops bicuspidatus C6 

Tropocyclops prasinus mexicanus C6 

Diaptomus C1-C5 

Biaptomus ashlandi C6 

Diaptomus nrCnutus C6 

Diaptomus oregonens-is C6 

Diaptomus sicilis C6 

Limnocalanus macvuvus C6 

Canthocamptus sp. C6 

Bosmina long-irostrn-s 

Daphnia galeata 

Eubosmina aovegorvt 



Total 6178 1185 33 



17 


9 


96 


0.3 


3938 


578 


25 


63.7 


296 


139 


81 


4.8 


24 


12 


84 


0.4 


94 


94 


31 


8.4 


1063 


404 


66 


17.2 


197 


51 


45 


3.2 


8 


8 


173 


0.1 


65 


30 


81 


1.1 


13 


3 


35 


0.2 


3 


3 


173 


0.1 


8 


8 


2 


0.1 


4 


4 


2 


0.1 


24 


16 


1 


0.4 



The cladocerans were less abundant than in November. Eubosmina 
ooregoni (24/m-^) was more abundant than Bosmina longirostris (S/m^). 
Daphnia spp. (4/m-^) were rare. Asplanchna spp. were not captured. 

DISCUSSION 

Data collected during the 1974 survey cruises give information on 
the seasonal occurrences of the various zooplankton species and their 
spatial patterns of distribution. A more detailed analysis and discussion 
are given in Section 3. 
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The temporal distribution of zooplankton over the 12-month year can 
be roughly grouped into four seasons—winter, spring, summer, and autumn. 
In this text, winter is considered to extend from December to February, 
spring from March to May, summer from June to August, and autumn from 
September to November. 

Winter 

Winter is a period of heat loss from the lake. During this season 
the lake loses heat to the overlying atmosphere, and water temperatures 
approach 0°C. The water is isothermal and easily mixed to depths of 
several decameters. 

Winter is a harsh period for most life forms. Many species of phyto- 
plankton form auxospores and survive through the winter in a dormant state. 
Some species are metabolically active, but reproductive rates are generally 
low and the standing stock of phytoplankton is small. Phytoplankton are 
generally limited in their growth by the low water temperatures and the 
reduced number of daylight hours. The intensity of light is also low in 
the winter. During this season, dissolved nutrients are probably not 
limiting to phytoplankton. 

Winter can be a harsh time for the zooplankton. In October 1973 the 
mean abundance of zooplankton was 28,810/m-^ (Stewart 1974); by April 1974 
there were only 3,047/m (Fig. 25). These data indicate a large decline 
in zooplankton abundances over the winter. Food availability may be the 
most serious limiting factor to zooplankton survival. 

Zooplankton may survive through the winter in several ways. Some 
forms such as the cladocerans produce resting eggs and the species survives 
through the winter in a metabolically do:nnant state. Adults may also be 
present in the plankton although in low numbers. Daphnia gateata mendotae., 
D. retroourvay D. tong-ivemis , Bosmina tongivostrisj, and Eubosmina aovegoni 
have all been collected in January (Fig. 26) although they accounted for 
less than 2% of the plankton. Some cladocerans were observed carrying 
eggs and so some reproduction must have occurred although at a low rate. 

In 1974 and 1975 the dominant zooplankton were the copepods. Diaptomus 
spp. were the dominant calanoid species and formed approximately 25% of 
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FIG. 25. The mean concentration and standard error of the 
various taxa of zooplankton along the DC-transect from April 
to October 1974 and In the Intake waters of the power plant 
during November 1974 and January 1975. 




JUNE 



FIG. 26. The average percent composition of the various taxa of 
zooplankton along the DC-transect from April to October 1974 and in 
the intake waters of the power plant during November 1974 and January 
1975. 
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the zooplankton (Fig. 26); D, ashtand'l, D. m-inutuSj D, oregonensiSf and 
D. s-iat-tis were all present. Winter was the only season In which D, 
sioiZis was observed in the inshore waters. Diaptomus spp, occurred 
mainly in the adult stage throughout the winter and were reproductively 
active. Immature copepodites were present and more abundant than the 
nauplii. However, as the time spent in the nauplius stage may be consid- 
erably shorter than the time spent in the copepodite stages, these 
differences in relative abundance are not necessarily unexpected. 

The other abundant copepod was the cyclopoid Cyclops biouspidatus . 
This species passed the winter in intermediate copopodite stages, with 
most of the immatures being in the fourth stage. This has been observed 
before in other areas (McQueen 1969; Carter 1974). This pattern of 
arrested development has also been observed in some species of marine 
calanoid copepods (Marshall and Orr 1972). A few adults were present in 
the winter and these may have been reproductively active. 

Tvopooyclops pvasinus mexieanus was captured occasionally during the 
winter. Unlike C. h'tcuspidatus , T. prasinus spent the winter in the adult 
stage; it was not reproductively active. 

Spring 

Spring is a season of net heat input into the lake. The overlying 
air is comparatively warm and the surface of the lake is warmed. The 
water column is unstable at this time and mixing occurs to several meters. 
In the early part of the spring, the water column is thermally unstratified 
and heat added to the surface of the lake is quickly transferred through- 
out the water column. Towards the end of spring, the water becomes slightly 
stratified. The most intense warming of the water occurs in the shallow 
nearshore regions of the lake where the temperature of the heated water is 
less effectively reduced by mixing with the cold bottom water. 

With increasing water temperatures and increasing number of daylight 
hours, there is an increase in primary production and in the standing stock 
of phytoplankton. The inshore waters are a particularly favorable region 
where the shallowness of the water column tends to prevent the phyto- 
plankton from being mixed below their critical depth. 
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In the spring there is an increase in the standing stock of zoo- 
plankton (Fig. 25). Higher water temperatures and increased food supply 
to herbivores such as Diaptomus spp,, Bosmina longivostvis and Daphnia 
spp. enable these zooplankton to maintain higher metabolic rates. At 
these times, there is an increase in reproductive activity. 

In 1974 the dominant spring zooplankton were the copepods (Fig. 26). 
Cyclops biauspidatus was the most abundant species followed by Diaptomus 
spp. The most common species was D. ashlandi followed by D, minuULS 
and D. oregonensis; D. sicUis was rare and was not found in the inshore 
waters. Episahura laaustvis, Euvytemova af finis, and Limnooalanus macrurui 
were present in low numbers and were reproductively active. Tropooy clops 
pvasinus mexicanus was present only as the adult and was not breeding at 
this time. 

Cladocerans formed only a small fraction of the total zooplankton 
(Fig. 25) although they increased both in numbers and relative abundance 
as spring progressed. Bosmina longivostvis and Daphnia spp. were the 
dominant forms. 

Swrmev 

Summer is a season of continued heat input into the lake. Surface 
water temperatures are generally highest close to shore and decrease with 
distance offshore. During the summer the water column is thermally strat- 
ified, and as a result it has a great deal of physical stability and is 
resistant to vertical mixing. This leads to two phenomena. First, the 
heat input at the surface is transferred into a relatively few meters of 
the water column, which results in a warm epilimnion layer and a cold 
hypolimnion layer. This results in an intensification of the thermal 
stratification, which continues to increase over the summer as long as 
heat continues to be put into the lake at the surface. The thermal 
stratification also presents a barrier to the movement of nutrient-rich 
hypolimnetic water into the epilimnion. 

The standing stock of phytoplankton is often low in the summer. 
Phytoplankton may be nutrient-limited at various times, and this plus the 
intense grazing pressure exerted by the zooplankton tends to prevent the 
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phytoplankton standing stock from being as great as in the spring or 
autumn. 

Upwellings occur in the sumiaer, bringing nutrient-rich water to the 
surface in the inshore area. At these times there may be an increase in 
primary production and in the standing stock of phytoplankton, and distri- 
butions of the zooplankton and fish may be altered. 

Zooplankton increased in abundance (Fig. 25) through the summer of 
1974. The copepods B-iaptomus spp. and Cyclops biauspidatus were repro- 
ductive; nauplii, immature copepodites and adults increased in numbers 
from May through June and July. In August these species were somewhat 
less abundant. Episahura laoustris and Eurytemora af finis were repro- 
ductive throughout the summer and were particularly abundant in August. 
During this month they may have exerted significant competitive pressure 
on Cyclops biauspidatus and Diaptomus spp. Episohura Zaeustris and C. 
biauspidatus are both omnivores (Main 1962; McQueen 1969) and may compete 
for similar plant or animal food organisms. Diaptomus spp. and Euvytemora 
spp. are probably both filter feeders and consume plant cells less than 
20y in diameter (Gliwicz 1969) . Tvopoayalops pvasinus mexiaanus was 
present in the adult stage through the summer and did not breed until 
August . 

The cladocerans were abundant in the summer and increased both in 
numbers and relative abundance (Fig. 26) during June and July; in August 
they began to decline in numbers. Bosmina tongipostris was the dominant 
cladoceran and occurred in maximum numbers in July; Daphnia spp. and 
Eubosmina were the next most abundant. In August, Bosmina longivostris 
declined in abundance, while Daphnia spp. and Eubosmina oovegoni became 
relatively more abundant. Several other species of cladocerans became 
abundant in August, i.e. Chydovus sphaevious, Ceriodaphnia quadrangula, 
Hotopediim gibberwn, Leptodova kindtiij and Polyphemus pediaulus. The 
reason (or reasons) for the increase both in copepod and cladoceran 
diversity in August has (have) not yet been investigated. 



67 



Autvmn 

Autumn is a period in which there is heat loss from the lake to the 
atmosphere. The thermal stratification of the water column is reduced 
through the season until the water becomes isothermal. The most rapid 
cooling takes place in the inshore waters. 

During this season there may be an increase in primary production 
and in the standing stock of phytoplankton as nutrient-rich waters are 
mixed back into the surface waters. While the standing stock of zoo- 
plankton is high, it is generally lower than that of the summer months 
(Fig. 26); therefore, there is probably a reduction in the grazing 
pressure on the phytoplankton. 

The standing stock of zooplankton was reduced through the autumn of 
1974 (Fig. 25), although the zooplankton were more abundant than in the 
early months of the spring. The major decrease in numbers was associated 
with the decline in the abundance of the cladocerans, especially Bosmina 
Zongirostvis . Other species of cladocerans were abundant in the early 
autumn but, apart from Eubosmina aovegoni- and Daphnia spp., they became 
rare by late autumn (Fig. 26). During the autumn, sexual rather than 
parthenogenetic reproduction became the more common, and ephippial eggs 
were produced which enabled many of the species of cladocerans to 
survive through the winter in an inactive state. 

The copepods Diaptomus spp. and Cyclops bicuspidatus became in- 
creasingly dominant components of the zooplankton (Fig. 26) as the autumn 
progressed. These species and Eurytemora af finis, Episahura tacustris 
and Tvopocyolops prasinus mexioanus were all reproductively active in 
September. By November, Tvopocyolops prasinus mexicanus had ceased 
breeding. Diaptomus and Cyclops bicuspidatus may have been reproductive 
but at very low rates; C. bicuspidatus occurred mainly in the fourth 
copepodite stage and apparently spent most of the late autumn and early 
winter in this stage. 

SUMMARY AND CONCLUSIONS 

The spring, summer and fall seasonal patterns of abundance described 
above have been observed consistently during the years of the preoperational 
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study. Initial analyses have determined the dominant zooplankton taxa 
for each month and each season. However, these dominants exhibit large 
variations in abundance from one year to the next, and from one location 
to another over the survey grid. Further analyses need to be made of 
the spatial variation in zooplankton abundance and of the year-to-year 
variations in abundance. 
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SECTION 3 

AN EXAMINATION OF THE SPATIAL HETEROGENEITIES IN THE DISTRIBUTION 
OF ZOOPLANKTON DURING THE MAJOR SURVEY CRUISES 

by Marlene S. Evans and Bethany E. Hawkins 

INTRODUCTION 

In February 1975, the Cook Nuclear Power Plant began withdrawing 
water from Lake Michigan, heating it during condenser passage, and dis- 
charging it back into the lake as a thermal plume. Preliminary studies 
(Ayers and Huang 1967; Ayers et al. 1967) have predicted that in the 
spring, summer, and autumn the plume will tend to flow parallel to the 
shore in a northerly or southerly direction. In the winter, effluent 
water may flow offshore in a sinking plume. 

Data collected during the survey cruises in April to November 1975 
will be analyzed to determine whether or not there are any changes in 
abundance and species composition of the various components of the zoo- 
plankton community. As in each month the thermal plume will be located 
over only part of the survey grid, the area outside the plume could 
serve as the control region for the purposes of any statistical analysis. 
If analyses were made on such a grouping of stations, the underlying 
assumption would be that in the absence of the plume all the zooplankton 
would be homogeneously distributed over the survey area. 

There are a priori reasons for assuming that zooplankton are not 
homogeneously distributed over the survey area. The survey grid lies 
within a physically non-uniform area, and heterogeneities in the physical 
environment are likely to lead to heterogeneities in the biotic environ- 
ment. 

Depths are not constant over the survey area but increase with 
distance offshore from 4 m at the shallowest station to over 40 m at the 
deepest stations. The temperature of the lake water and its thermal 
structure is closely related to the depth of the water column, and so 
there are frequently inshore-offshore differences in lake temperatures. 

The waters in the survey area originate from several regions and 
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may be present in different proportions at various times of the year. 
Some water originates from the north and may contain a mixture of water 
from the St. Joseph River. Waters from the south may contain some in- 
put of effluents from areas such as Michigan City and Gary, Indiana. 
Along the shore of the survey area, towns such as Bridgman and Stevens- 
ville discharge waters of varying quality into the lake. Waters from 
offshore areas of the lake may flow inshore and into the survey area 
during upwellings. 

The water flow is complex in the survey area. While water tends to 
flow north or south and parallel to the shore, there is some exchange in 
the inshore-offshore direction. The Michigan City-Benton Harbor eddy 
may lie in the survey area in the spring, summer, and autumn and this may 
add further complexity to the region. Current velocities vary in direc- 
tion and speed with depth and over different areas of the survey grid 
(Ayers and Huang 1967; Ayers et al. 1967). 

Preliminary analyses by Ayers (1975) have suggested that there may 
be inshore-offshore differences in the abundance of phytoplankton. 
Studies conducted by Mozley (1973, 1974) and Johnston (1973) have in- 
dicated that the benthos vary in abundance and species composition with 
distance offshore; there may also be differences in the species composi- 
tion of benthos north and south of the power plant. The fish community 
varies in abundance and species composition with distance offshore (Jude 
et al. 1975) and there may be differences in the abundances of various 
species north and south of the plant. Preliminary observations made on 
the zooplankton distributions in 1972 (Roth 1973) , 1973 (Stewart 1974) , 
and 1974 (Section 2, this report) have noted inshore-offshore differences 
in zooplankton species composition and abundances. 

As preliminary examinations of the preoperational data had indicated 
that zooplankton are not homogeneously distributed over the survey area, 
more rigorous statistical analyses were performed to investigate the 
spatial heterogeneity in zooplankton distributions. This was initially 
done for the major survey cruises of April, July, and October 1974 and 
the results are reported here. 
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METHODS 

Principal component analyses were performed on data collected during 
the 1974 major survey cruises. The analyses were made using data trans- 
formed by y = log(2cfl), where x is the number of animals/m^; the Amdahl 
470V/6 computer at the University of Michigan Computing Center was used 
to perform the analyses. The theory of principal component analysis is 
discussed in Morrison (1967) and Cooley and Lohnes (1971). It is a useful 
method for analyzing multidimensional correlations between different taxa 
in order to group stations with similar patterns of zooplankton abundances. 
Twenty-eight stations and 13 taxa were examined for the April cruise, 30 
stations and 13 taxa for the July cruise, and 30 stations and 22 taxa for 
the October cruise. Results of the analysis for each cruise are presented, 
followed by a discussion. A general discussion and summary follow these 
analyses . 

ANALYSIS OF THE APRIL SURVEY CRUISE DATA 

Results 

Figure 27 shows the scatter diagram produced as part of the computer 
printout. The X-axis is the first and the Y-axis the second principal 
component; each dot represents a particular station location with its 
unique values of pci and pc2. The first and second principal components 
accounted for 40.1% and 32.1% respectively of the total variance. 

The interpretation of the scatter diagram was, to some extent, sub- 
jective. The diagram was viewed as consisting of three clusters. One 
group included the stations within the 5-10 m depth contours (with the 
exception of NDC 4-4 and NDC 7-1); this was called the inshore zone (Fig. 
28) . The second group included stations outside the 5-10 m but inside 
the 15-20 m depth contours (with the exception of NDC 4-4) ; this was called 
the midshore zone. The third group included all stations outside the 
15-20 m depth contours and at least as far as the 40-m depth contour (with 
the exception of NDC 7-1); this was called the offshore region. 

The mean abundance, standard deviation, and percentage composition 
of the 13 taxa used in the analysis are shown in Table 3 for each of the 
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FIG. 27, Plot of stations against the first and 
second principal components, showing the three 
zones produced by the principal component analysis 
of the 20 April 1974 survey cruise data. 



three zones. Also shown are the mean abundance and standard deviation 
for total zooplankton. The standing stock of zooplankton was lowest in 
the inshore region (980/m3) . Zooplankton Increased sharply in abundance 
in the midshore region (3,414/m ) and increased slightly in the offshore 
region (35970/m-^). Zooplankton genus composition was similar in all three 
regions. Cladocerans and the rotifer Asptanchna spp. were rare in all 
zones but slightly more abundant in the midshore zone. Copepods were 
abundant, and three of the five genera examined had large inshore-offshore 
differences in abundance. Dominant copepods were Cyclops spp. (mainly 
Cyclops b-tcuspidatus) and Diaptomus spp. 

The inshore region was numerically dominated by nauplii. The immature 
copepodites of Cyclops spp. and Diaptomus spp. were also abundant; these 
stages and nauplii accounted for more than 82% of the zooplankton. In 
the midshore region, nauplii and immature copepodites, while more abundant 
than in the inshore region, accounted for only 69% of the zooplankton. 
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FIG. 28. The three zones determined from the results of the 
principal component analysis of the 20 April 1974 survey cruise 
data. 



In the offshore region these taxa accounted for only 37% of the zooplank- 
ton and were less abundant than in the midshore region. 

Adult Diaptomus spp. and Cyclops spp. accounted for only 12% of the 
zooplankton in the inshore region but for 60% in the offshore region. 
These taxa increased 7 and 22 times respectively in abundance from the 
inshore region to the offshore region; this increase was considerably 
larger than that observed for nauplii and immature Diaptomus spp. and 
Cyclops spp. in the three regions. Immature Lirrmocalanus macvuvus cope- 
podites were rare but also increased in abundance with distance offshore. 
Euvytemora affinis and Tvopocyclops prasinus mexicanus were rare and 
had similar abundances in all three regions. 
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TABLE 3. Results of the principal component analysis of 20 April 
1974 survey data showing the mean abundances, standard deviations of 
the mean, and percentage composition of zooplankton in the three zones. 
"Total zooplankton" refers to the abundance of all the zooplankton in- 
cluding those not used in the analysis, 
stations in each zone. 
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Copepod nauplii 


564 


199 


57.4 


1564 


501 


45.8 


857 


663 


21.1 


Cyolops C1-C5 


184 


82 


18.4 


555 


179 


16.2 


436 


147 


11.0 


Cyclops C6 


69 


26 


7.0 


358 


260 


10.5 


1533 


525 


38.7 


Tropoayolops C6 


18 


6 


1.8 


22 


11 


0.6 


45 


24 


1.1 


Diaptomus C1-C5 


61 


24 


6.2 


233 


71 


6.8 


184 


51 


4.9 


Diaptomus C6 


47 


17 


4.8 


586' 


291 


17.2 


849 


325 


21.1 


Eurytemora C1-C5 


3 


3 


0.4 


13 


11 


0.4 


1 


2 


0.0 


Limnocdlanus C1-C5 


1 


1 


0.1 


21 


17 


0.6 


49 


26 


1.2 


Bosmina 


17 
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1.8 


29 


12 


0.9 


9 


10 


0.2 


Chydovus 


1 
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0.2 


4 


2 


0.1 


1 


2 


0.0 


Daphn-ia 


6 


5 


0.6 


16 


6 


0.5 


2 


3 


0.0 


Eubosnrina 


5 


4 


0.5 


6 


4 


0.2 





1 


0.0 


AspZanahna 


3 


7 


0.3 


5 


7 


0.1 








0.0 


Total zooplankton 


980 


331 


- 


3414 


972 


- 


3970 


1089 


- 



DisGussion 

Before interpretations should be made of the results of the principal 
component analysis of the April survey data, it is important to realize 
that the results are dependent upon the data input. In this analysis, 
28 stations were separated into three regions on the basis of the distri- 
bution of 13 taxa of zooplankton at each station. Some of these 13 taxa 
had similar abundances at all stations, and had only these taxa been used 
in the analysis, the analysis would not have determined any discriminations 
between stations. Some of the 13 taxa (immature Diaptomus spp., Limnocal- 



75 



anus macrurus and adult Cyclops spp. and Diaptanus spp.) varied markedly 
in abundance from station to station; had only these taxa been used in 
the analysis, there would have been a sharper discrimination between 
stations, i.e., the first and second principal components would have 
accounted for more than 72.2% of the total variance. 

The analysis of the April data considered many of the rare zoo- 
plankton, most of which accounted for less than 1% of the zooplankton 
at each station. These taxa exhibited only small inshore-midshore-of f- 
shore differences in abundances. 

Despite the fact that many of the taxa used in the analysis did not 
exhibit large differences in abundance over the survey grid, the analysis 
indicated that the stations formed three distinct groups. The numerically 
dominant taxa all exhibited inshore-midshore-offshore differences in 
abundance. Interpretation of the results of the analysis will be based 
on the distributions on only the dominant taxa. 

Two results of the principal component analysis were particularly 
interesting. The proportion of adult copepods to Immature copepodites 
varied from 1:7.0 in the inshore region to 1:0.6 in the offshore region. 
The abundance of zooplankton was lowest in the inshore region and in- 
creased four-fold in the offshore region. 

The inshore region was probably the most favorable for zooplankton 
growth and reproduction. The lake water was warmest close to shore 
(Section 1) , and this would have increased the metabolic rate of the 
zooplankton, inducing rapid rates of reproduction and development. 
Primary production should have been greatest close to shore where the 
warm water, high nutrient levels, and shallowness of the water column 
(preventing phytoplankton from being mixed below their critical depth) 
would have favored rapid cell division rates. 

The standing stock of phytoplankton was greatest close to shore; 
this is suggested by the low Secchi disc readings (Section 1) for that 
region. Published results form the eight short survey stations indicate 
that cell counts were highest close to shore (Ayers 1975) . Unpublished 
data for the major survey indicate that cell counts varied from 1,000- 
4,500 cells/ml in the inshore area and decreased in abundance with 
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distance offshore to less than 1,000/ml 11 km offshore (Ayers, personal 
communication). Diatoms Fragilccria spp. , AstevioneVla spp. and Stephano- 
disous spp. accounted for more than 80% of the phytoplankton over most 
of the survey grid. Flagellates accounted for less than 20% of the 
phytoplankton at most stations; they formed up to 36% of the population 
in a few high density (600-750/ml) patches in the inshore and midshore 
areas (Ayers 1975; Ayers, personal communication). 

While the abundance and taxa composition of the phytoplankton varied 
with distance offshore, there is no evidence that these differences were 
responsible for the differences in the abundance and species composition 
of the zooplankton. The phytoplankton standing stock was high, suggest- 
ing that the zooplankton were not food-limited. Zooplankton occurred in 
low numbers in the spring and were less likely to be food-limited than 
during the summer when the zooplankton standing stock had increased 10 
to 20-fold and when primary production was reduced due to nutrient 
limitations. 

Nauplii and cladocerans feed upon the ultraplankton and consume 
such food items as flagellates (Gliwicz 1969) . While flagellates were 
less abundant in the offshore region than in the inshore and midshore 
regions, it is unlikely that nauplii were limited by the distribution 
of flagellates. Flagellates were more abundant than in July when large 
numbers of nauplii and cladocerans (7, 000-155, OOO/m^) dominated the 
plankton. 

Cyclops spp. and Diaptomus spp. feed upon the nannoplankton and 
consume food items such as diatoms (Gliwicz 1969). Diatoms were slightly 
more abundant in the inshore (1, 050-3, 700/ml) and midshore regions (500- 
3,143/ml) than offshore (600-1, 500/ml) (Ayers, personal communication). 
Conversely, the copepods were most abundant in the offshore region. 
Diatoms were probably not food-limiting to the copepods in April; these 
phytoplankton were approximately as abundant in April as in July when 
the diatoms supported a copepod standing stock of 2,400-37 ,000/m . 

The physical and phytoplankton data suggest that the inshore region 
should have been the most favorable for zooplankton growth and reproduc- 
tion. In fact it was, as this area was dominated by nauplii and the 
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immature copepodite stages of Cyclops spp. and Diaptomus spp. ; adults 
therefore must have found this region favorable for reproduction. The 
absence of adults in the inshore area may have been due in part to the 
fact that adults may die after completing the reproductive process; the 
large number of adults in the offshore region could have been due to the 
fact that these organisms were not so far along in their life history 
and had not completed their breeding cycle. However, while this hypothe- 
sis may explain the relative differences in abundances between adult and 
immature copepods and nauplii in the three regions, it does not explain 
why most taxa of zooplankton (including immature copepods) were least 
abundant inshore. 

During the spring the lake waters are warmed, with the inshore 
waters showing the most rapid increase in temperature. At this time 
many species of fish migrate inshore from the deeper portions of the 
lake where they overwinter. Some, such as the smelt, migrate inshore 
to spawn and then move offshore. Others, such as the alewife and spot- 
tail shiner, spend the spring and summer months in waters less than 10 m 
deep (Wells 1968). These three species were the numerically dominant 
fish in the survey area in April 1973 (1974 data not currently available) ; 
alewife accounted for 60%, spottail shiners for 23% and smelt for 15% 
of the total catch of fish (Jude et al. 1975) . 

Alewife are filter-feeding planktivores and consume the largest 
components of the zooplankton. Cyclops hicuspidatus and Diaptomus spp. 
have been observed in the stomachs of alewife collected from the littoral 
zone (Wells 1970). Adult smelt are primarily benthic feeders although 
they do consume zooplankton and apparently select the larger animals 
(Reif and Tappa 1966). Spottail shiners are planktivores throughout 
most of their lives (Scott and Grossman 1973); they are probably size- 
selective in their feeding with various forms of zooplankton being 
preferred at different stages in their life cycle (Griswold 1963; Smith 
and Kramer 1964; Basch 1968). 

There is a great deal of evidence in the literature that plankti- 
vorous fish may alter the zooplankton species composition of a water 
body. Hrbacek and Novotna-Dvofakova (1965) eliminated the fish stock 
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from four backwaters in Czechoslovakia. During the following years, they 
observed a regeneration in the fish stock and, concomitant with this, 
a change in the zooplankton species composition. Large zooplankton 
which were present when the fish were absent gradually became reduced in 
numbers over the years and the smaller zooplankton became more abundant 
and dominated the zooplankton. 

Several studies conducted in North America have also suggested that 
fish may selectively remove the largest components of the zooplankton 
with the result that the zooplankton becomes dominated by the smaller 
species. Reif and Tappa (1966) observed the replacement of Daphnia 
putex by D. dubia and the loss of Leptodora kindtii- when smelt were 
introduced to Harvey's Lake. Galbraith (1967) observed a similar shift 
to the smaller species of DapTmi-a in lakes inhabited by rainbow trout 
and yellow perch. 

Brooks and Dodson (1965) and Brooks (1968) have shown that the 
presence of alewif e in various small lakes in New England has apparently 
resulted in the disappearance of large zooplankton such as Ep-ischura 
nordenshiotd-i, Diaptomus minutuSj and Mesooyctops edax and in the domin- 
ance of small zooplankton such as Tvopocyotops prasinus and Bosmina 
longirostxn^s. The larger Cyclops biauspidatus thomasi apparently was 
able to survive in the littoral zone bec£iuse it remained on or near the 
bottom during the day and avoided predation. Brooks (1968) showed that 
the alewife feeds upon the largest components of the zooplankton and 
when these have been exhausted feeds upon successively smaller components 
of the zooplankton. In Lake Michigan, Wells (1970) described decreases 
in the abundance of the largest species of cladocerans and copepods 
and increases in the abundance of the medium and small-sized zooplankton 
from 1954 to 1966 during which time alewife increased markedly in 
numbers. 

There is good circumstantial evidence that fish predation is the 
major factor responsible for the scarcity of the larger zooplankton 
(Cyotops spp., Diaptomus spp., Limnocdlanus maovuvus spp.) in the inshore 
region. There is a strong migration of alewife, smelt, and spottail 
shiners into the inshore region in the spring and their known food items 
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were generally sparse in this region in April 1974, Adult Cyclops bi- 
Quspidatus and Diaptomus spp, were 18-22 times less abundant in the in- 
shore region than in the offshore region while the smaller immature 
copepodites increased only 2-4 times in abundance with distance offshore. 
The large immature copepodites of Limnocalanus maovurus increased in 
abundance from l/m^ in the inshore zone to 63 /vc? in the offshore zone. 
Small zooplankton such as nauplii, Bosmina longirostr-isj, Euhosmina 
eovegoni, Chydorus sphaerious^ and Asplanokna spp. varied less in abun- 
dance with distance offshore. Therefore while Wells (1970) observed 
temporal changes in the composition of zooplankton due to the alewife, 
the results of the investigation of the April survey cruise data suggest 
that spatial changes in the distribution of zooplankton may also be due 
to alewife (and probably smelt and spottail shiners although to a lesser 
extent) . 

Preliminary analyses of several years of zooplankton and water 
temperature data have indicated that large numbers of adult copepods 
occurred inshore during the years in which the water was cold and fish 
migration was probably delayed. While the 1975 data are not complete, 
the temperature data indicate that April 1975 was a cold month and that 
the zooplankton did not exhibit large differences in their abundances 
over the survey grid. The cold water apparently delayed the inshore 
migration of smelt, alewife, and spottail shiners, for only low numbers 
of these organisms were collected during the week of the survey cruise 
(Jude, personal communication). This provides further circumstantial 
evidence that the concentration of fish within the 5-10 m depth contour 
is an important regulating factor of the abundance and species composi- 
tion of the zooplankton. 

The midshore region was apparently the most favorable for nauplius, 
copepodite, and possibly cladoceran growth and development. This may 
have been due to the balance between water temperatures, phytoplankton 
production, and fish predation. These three factors probably enabled 
adults to attain high reproductive rates and the immatures to maintain 
high survival rates. 
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The inshore-offshore differences in zooplankton abundance and 
species composition were maintained to some extent by the pattern of 
lake circulation. Although some transport of water occurred in the 
offshore direction in the spring when the thermal bar migrated offshore, 
the major direction of flow was parallel to shore (Ayers et al. 1967). 
This direction of flow prevented the mixing of inshore, midshore, and 
offshore assemblages of zooplankton. Areas which were subject to intense 
fish predation did not have their reduced zooplankton stocks replenished 
by an influx of water from the zooplankton-rich midshore and offshore 
areas. 

Stations NDC 4-1 and NDC 7-1 did not belong to the inshore group 
but to the midshore and offshore groups. The reasons for this are not 
known. Temperature data indicated that water temperatures at these 
stations were similar to those along the rest of the inshore area. A 
possible explanation may be that for some unknown reason fish did not 
migrate inshore in that region of the lake, and so the zooplankton in 
that area were not subjected to the same intense predation as the 
zooplankton along the rest of the shoreline experienced. Unfortunately, 
fish collections were not made in that portion of the lake, so whether 
or not this is a valid explanation cannot be determined. 

ANALYSIS OF THE JULY SURVEY DATA 
Besults 

Figure 29 shows the scatter diagram produced as part of the computer 
printout of the principal component analysis of the July survey data. 
The first principal component accounted for 44.1% of the total variance 
while the second accounted for an additional 24.7% of the variance. 

The stations clustered into four groups. The inshore zone consisted 
of two regions (inshore region A and inshore region B) and extended out 
to the 5-10 m depth contour (Fig. 30). The midshore zone extended from 
the inshore zones out to the 15-20 m depth contours while the offshore 
zone extended beyond the midshore zone and at least out to the 40 m depth 
contour. 
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FIG. 29. Plot of the stations against the first and second principal 
components showing the four zones produced by the principal component 
analysis of the 11 July 1974 survey data. 



The mean abundance, standard deviation, and percentage composition of 
the 13 taxa used in the analysis are shown in Table 4 for each of the four 
zones. Table 4 also shows the mean abundance and standard deviation for 
total zooplankton in each zone. 

Inshore zone A had the lowest standing stock of zooplankton (.6,675/m ); 
the dominant taxa were Bosmina longirostris and the immature copepodites 
of Cyclops spp. and Diaptomus spp, Zooplankton abundances increased 
sharply in inshore region B (22,786/m^). Bosmina longipostris were 
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FIG. 30. The three major zones deteirmlned from the results of 
the principal component analysis of the 11 July 1974 survey 
cruise data. 



approximately twice as abundant in Inshore region B and continued to 
dominate the zooplankton. Immature Cyclops spp. and Diaptomus spp. 
copepodites were 4-7 times as abundant while adults were 10-17 times 
more abundant than in inshore region A. 

Zooplankton were approximately twice as abundant (44,585/m-^) in the 
midshore region as in inshore region B. Bosmina longirostris and im- 
mature Cyclops and Diaptomus spp. copepodites increased approximately 
twofold in abundance from inshore region B and were the dominant taxa. 

Zooplankton were approximately twice as abundant (80,345/m ) offshore 
as in the midshore region and 12 times more abundant than in inshore 
region A. Bosmina longirostris, immature Cyclops spp. and Diaptomus 
spp., and adult Cyclops spp. were more abundant than in the midshore 
region and continued to dominate the plankton; adult Diaptomus spp. 
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appeared in similar numbers in the midshore and offshore regions, Nine 
of the 13 taxa examined had their maximum abundances in the offshore 
region; the remaining four were most abundant in the inshore regions. 

Discus si-on 

There were several similarities between the results of the April 
and July analyses. Three major regions (inshore, midshore, and offshore) 
ran parallel to shore and extended roughly out to the same depth contours. 
In both months, zooplankton were least abundant inshore and most abundant 
offshore. Most taxa increased in abundance with distance offshore in 
July as in April; this Increase was greatest for adult Cyclops spp. and 
Biaptomus spp. 

While the three major regions occurred in the same areas of the 
survey grid, the physical features within each zone were different in the 
two months. In April the water was cold, with the warmest water lying 
inshore. The July cruise was taken during an upwelling (Section 1) and 
the warmest water was offshore. In April the water was isothermal at 
every station, while in July the water was thermally stratified. 

The upwelling modified the distribution of zooplankton in the in- 
shore zone. One region, inshore zone A, lay on either side of the coldest 
(<15°C) upwelled water; inshore region B lay in the center of the up- 
welling. The abundance and species composition of zooplankton in inshore 
region B was more similar to that in the midshore region than in inshore 
region A. 

As in April, the major direction of water transport in the summer was 
parallel to shore (Ayers et al. 1967). Therefore differences in zooplank- 
ton abundance and species composition between the three major zones tended 
to be maintained; the upwelling modified this pattern locally. 

In April, the water temperatures at each station varied by less than 
1°C from surface to bottom. In July, water temperatures varied by as 
little as 4°C at DC-1 to as much as 15°C at DC-6. It has been shown many 
times in the literature that zooplankton are not uniformly distributed 
in the water column (Raymont 1967; Wells 1960) but orient themselves 
at particular depths in response to tempesrature, light, and pressure cues 
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(Moore and Corwin 1956) . 

In the Cook survey area, integrated vertical net hauls are collected 
at each station. In the summer, and in the offshore region in particular, 
zooplankton are collected from a wide thermal regime. However, data col- 
lected by Stewart (1974) in August 1973 indicated that at DC-6, the most 
abundant zooplankton taxa (nauplii, immature Cyclops spp., immature 
Diaptomus spp., C. bicuspidatus , D. ashlandi^ D. oregonensis, Tvopoayclops 
pvasinus mexioanus^ Daphnia vetroatanjaj, and Bosmina longivostvis) were 
found throughout the water column. Some forms such as the littoral 
Eurytemora affinis and the cladocerans Daphnia galeata mendotae were 
restricted to the upper 10 or 20 m of the water while the cold water 
stenotherms D. s-icilis and Liirmoaalanus macrurus were restricted to the 
hypolimnion. 

The inshore-midshore-offshore differences in zooplankton standing 
stock were probably not due to the direct effects of the differences in 
the depth and the thermal regime at each station for most of the taxa of 
zooplankton examined for the analysis. Although the hypolimnion formed a 
larger portion of the water column with increasing distance offshore 
(Section 1) , the major species of zooplankton in July inhabit the epilim- 
nion and the hypolimnion at least down to depths of 40 m. These zoo- 
plankton probably become rarer only at depths greater than 50 m (Patalas 
1969). An integrated vertical net haul collected from 200 m to the surface 
would have fewer zooplankton/m^ than a similar one collected from 20 m 
to the surface, in part because the hypolimnion with its lower standing 
stock of zooplankton formed a larger fraction of the water column at the 
deeper station. However, comparisons between stations of depths less 
than 40 m are probably valid. If inshore-midshore-offshore differences in 
zooplankton abundance were due to some depth effect, then the offshore 
region should have had the lowest concentration of zooplankton. This was 
not observed, and some factor other than depth or thermal regime must 
have been responsible for the inshore-midshore-offshore differences in 
zooplankton abundance and species composition. 

Variations in abundance and species composition of zooplankton over 
the survey area did not appear to be associated with variations in abundance 
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and species composition of phytoplankton. This was in part due to the 
fact that an upwelling occurred during the cruise. While phytoplankton 
stocks may increase dramatically in a matter of days in response to 
nutrient enrichment by upwelling, zooplankton require several weeks or 
months to respond to an increase in phytoplankton standing stock. 

While there were no phytoplankton data collected a few days prior 
to the upwelling, standing stocks were probably lowest offshore. Phyto- 
plankton have been shown to be more abundant within a mile of shore than 
further offshore during the summer months for several years of preopera- 
tional surveys (Ayers 1975). The sparcity of zooplankton in the inshore 
area therefore would not appear to have been a function of food limita- 
tion. 

The percentage of ovigerous Bosmina Zongivostris females was deter- 
mined at each station; reliable data were not obtained for the other 
taxa because of their low concentration in the subsamples and the 
apparently low percentage of ovigerous females. There was a wide range 
of values (4-28%) with approximately 8.5% of the inshore zone A Bosmina 
Zongt-rostris females, 13.4% of the inshore zone B females, 11.7% of the 
mldshore zone females, and 6.1% of the offshore zone females being 
ovigerous. The offshore region had the highest standing stock of B. 
Zong-irostvis and yet the lowest percentage of ovigerous females. In- 
shore region A was apparently favorable for B. longirostris growth and 
reproduction as the percentage of ovigerous females was equal to or 
somewhat higher than females in the offshore region. Some factor must 
therefore have contributed to a high mortality rate of this cladoceran. 

In the summer, the inshore area is a nursery ground for the major 
species of fish. Larvae, young-of-the-year, and adult alewife, spottail 
shiners, yellow perch, and trout perch are concentrated Inshore during 
the summer months (Wells 1968); in July 1973 these fish accounted for 
78%, 10%, 4%, and 4% respectively of the fish collected in the survey 
area (Jude et al. 1975). 

Larval alewife feed mainly upon Cyclops spp., Diaptornus spp., and 
Bosmina spp. (Norden 1968); in addition, adults consume LimnocaZanus 
maovuvus and Episohura Zaoustvis (Morsell and Norden 1968; Webb and 
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McComish 1974). Spottail shiners are planktivorous throughout most of 
their lives; trout perch are primarily benthic feeders but do consume 
Cyclops biouspidatus (Scott and Grossman 1973) . While juvenile and 
adult yellow perch feed upon cladocerans and possibly copepods (Galbraith 
1967), the importance of zooplankton in their diet decreases as it in- 
creases in size (Scott and Grossman 1973) . 

The concentration of large numbers of alewife, spottail shiners, 
trout perch, and yellow perch in the inshore area may have been the major 
factor responsible for the low standing stock of zooplankton. As stated 
above, these fish are planktivores and selectively consume the largest 
components of the zooplankton. In July, the largest zooplankton were 
least abundant in inshore region A and showed the most dramatic increases 
in abundance with distance offshore. Daphnia spp. increased nearly 100- 
fold while adult Diaptomus spp. and Cyclops spp. increased 18-64 fold 
in abundance with increasing distance offshore. Limnocalanus macruvus, 
a large calanoid copepod, was absent in the upwelled water in inshore 
region B but occurred in concentrations of 53 /m in the offshore zone. 
The smaller immature copepodites of Diaptomus spp. and Cyclops spp. 
increased only 14-18 fold in abundance with distance offshore. Smaller 
taxa such as nauplii, Bosmina longirostris., Polyphemus pedioulus, and 
Asplanchna spp. increased less dramatically with distance offshore. 
Glrcumstantial evidence suggests that in July, as in April, the inshore 
region was an area of intensive fish predation on the zooplankton and 
that the zooplankton abundance and species composition were significantly 
altered by this predation. 

Although some adult alewife and smelt were found in the midshore 
and offshore regions in July (Wells 1968; Jude et al. 1975), their con- 
centration was less in these regions than was the concentration of 
juvenile alewife, spottail shiners, yellow perch, and trout perch in the 
inshore area. Therefore, the fish predation was probably less offshore 
than in the inshore area. 
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ANALYSIS OF THE OCTOBER SURVEY DATA 

Results 

Figure 31 shows the scatter diagram produced as part of the analysis 
of the October data. The regions were poorly defined; the first principal 
component accounted for only 26.7% of the variance while the second 
accounted for only a further 17.4%. 
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FIG. 31. Plot of stations against the first and second principal 
components showing the three zones produced by the principal component 
analysis of the 9 October 1974 survey data. 



89 



The inshore stations clustered into three groups (Fig. 32) bounded 
by the 5-15 m depth contours. The midshore zone lay outside the inshore 
zone and was bounded by the 10-15 m depth contours; it was located north 
but not south of the plant site. The offshore zone extended beyond the 
15 m depth contour at least as far as the 40 m depth contour. 

The mean abundance, standard deviation, and percent composition of 
the 21 taxa used in the analysis are shown in Table 5 for each of the 
three zones. Table 5 also shows the mean abundances and standard de- 
viation for the total zooplankton in each zone. 



OFFSHORE ZONE 




MIOSHORE ZONE 



a 
o 



o 
o 



MILES 



KILOMETERS 



FIG. 32. The three major zones determined from the results of 
the principal component analysis of the 9 October 1974 survey 
cruise data. 
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TABLE 5. Results of the principal component analysis of 9 October 1974 survey 
data showing the mean abundances, standard deviations of the mean, and percent- 
age composition of the zooplankton in the three zones, "Total zooplankton 
refers to the abundance of all the zooplankton including those not used in the 
analysis, "n" refers to the number of stations in each zone. 





Taxon 


Inshore n= 
X s 


15 

% 


Midshore n 


=5 


Offshore 
X s 


n=10 




X 


s 


% 


% 


Copepod nauplii 


921 


381 


6.2 


796 


197 


4.1 


660 


222 


2.7 


Cyolops C1-C5 


2842 


801 


19.1 


4494 


444 


22.9 


6785 


2137 


28.2 


Cyclops C6 


587 


306 


3.7 


678 


182 


3.5 


1168 


438 


4.8 


Tro-pooy clops C1-C6 


1183 


511 


7.8 


1247 


258 


6.4 


973 


305 


4.2 


Mesocyclops C1-C6 





- 


0.0 


1 


3 


0.0 


3 


4 


0.0 


Diaptomus C1-C5 


1905 


802 


12.8 


5537 


1420 


28.2 


9303 


2785 


39.1 


Diap tonus C6 


219 


128 


1.4 


279 


64 


1.4 


482 


203 


2.0 


Episohura C1-C6 


369 


257 


2.5 


337 


174 


1.7 


642 


518 


2.5 


Eurytemora C1-C6 


104 


64 


0.7 


94 


64 


0.5 


46 


43 


0.2 


Lirmocalanus C1-C6 





- 


0.0 





- 


0.0 


26 


66 


0.1 


Canthocamptus C1-C6 


4 


6 


0.0 





- 


0.0 





- 


0.0 


Bosmina 


177 


130 


1.1 


123 


58 


0.6 


398 


203 


1.6 


Ceriodaphnia 


1 


2 


0.0 


1 


2 


0.0 


3 


8 


0.1 


Chydorus 


10 


10 


0.1 


18 


17 


0.1 


28 


22 


0.1 


Daphnia 


4456 


1924 


28.4 


4398 


1522 


22.3 


2495 


1152 


10.2 


Diaphanasoma 


14 


21 


0.1 


19 


17 


0.1 


19 


18 


0.1 


Eubosmina 


2300 


996 


15.3 


1499 


210 


7.6 


818 


340 


3.4 


Eolopedium 


12 


9 


0.1 


28 


23 


0.1 


49 


29 


0.2 


Leptodova 


81 


37 


0.5 


68 


41 


0.3 


56 


32 


0.2 


Polyphemus 





2 


0.0 





- 


0.0 


3 


10 


0.0 


Alona 





- 


0.0 





- 


0.0 


1 


3 


0.0 


Asplandhna 


6 


5 


0.0 


6 


4 


0.0 


44 


45 


0.2 


Total zooplankton 


15189 


4698 


- 


19623 


1320 


- 


24001 


6475 


- 
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The inshore zone had the lowest standing stock of zooplankton 
(15,189/m3) . The cladocerans Daphnia spp. and Eubosmina Qoregoni and 
the immature copepodite stages of Cyclops spp. and Diaptomus spp. were 
the dominant taxa. The midshore zone had a zooplankton standing stock 
of 19, 623 /m^, which was only slightly larger than that of the inshore 
zone. The dominant taxa were Daphnia spp. and immature Cyclops spp. and 
Diaptomus spp. copepodites. The offshore region had a zooplankton 
standing stock (24,001/m ) 1.6 times greater than the inshore region. 
The dominant taxa were Daphnia spp., and immature Cyclops spp. and 
Diaptomus spp. copepodites. 

Discussion 

As in April and July, the survey area was divisible into three 
major zones — an inshore, a midshore, and an offshore zone. However, 
while the zones extended roughly out to the same depth contours, the 
distinction between zones was smaller in October than in April or July. 

October was a period of uniform temperatures over the survey area. 
Surface water temperatures varied by less than 1°C from station to 
station. The upper 20 m of the water column varied by less than 2°C and 
it was only at stations further than 10 km from shore that the thermo- 
cline was evident (Section 1) . While the direction of water flow was 
largely parallel to shore (Ayers et al. 1967), some exchange of water 
in the offshore direction occurred as intense cooling took place in 
the inshore region. 

Secchi disc depths varied by less than 2 m over the survey area with 
the minimum depth (<2 m) occurring within 1 km of shore (Section 1) . 
Phytoplankton cell counts varied from 1,300 to 2,300/ml over the short 
survey grid. Flagellates occurred in similar numbers (200-400/ml) over 
the survey grid. Diatoms were slightly more abundant in the inshore area 
(500-800/ml) than the offshore area (200-450/ml) while coccoid blue- 
greens were more abundant offshore (900/ml) than inshore (350-650/ml) 
(Ayers 1975). 

October was a period of fish migration from their summer nursery 
grounds to their overwintering grounds in the deeper portions of the 
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lake. The dominant fish collected in October 1973 (1974 data not 
currently available) was the alewife, which accounted for 92% by numbers 
of fish. Large numbers of young-of-the-year were found in the beach 
zone and further offshore while adults were located only offshore (Jude 
et al. 1975). Spottail shiners, trout pejrch, yellow perch, and smelt 
are generally found only in the deeper offshore waters in the autumn 
(Wells 1968). These fish were rarely captured in October 1973 and, apart 
from the spottail shiner which accounted for 4% of the fish catch, 
accounted for less than 1% of the fish. 

Intensive predation by planktivorous fish was suggested as being 
the major factor responsible for the low standing stock of zooplankton in 
the inshore area in April and July. This selective fish predation on the 
largest zooplankton probably also occurred in October with larval alewife 
being the most significant consumer. However, predation on the zooplankton 
by planktivorous fish was dispersed over a wider area in October than in 
April or July. 

The dispersal in the distribution of planktivorous fish apparently 
resulted in zooplankton being more uniformly distributed over the survey 
area in October than in April and July. The total standing stock of 
zooplankton varied only slightly from the inshore region to the offshore 
region. Large zooplankton such as adult Cyclops spp. and Diaptomus spp. 
varied less than 2-fold in abundance over the three regions. Lirmo- 
aalanus maovuvus varied more markedly in abundance but was probably 
restricted from the inshore area by its intolerance for the warmer water 
(14°C). Episahura laoustris and Daphnia spp. also varied only 2-fold 
over the survey area. This again contrasts with July when the variation 
in the abundance of the larger zooplankton from the inshore area to the 
offshore area was considerably larger. As in July, many of the smaller 
zooplankton (Bosmina longirostrisj Polyphemus pediculus, Tropoayolops 
prasinus mexioanus^ and nauplii) varied less in abundance with distance 
offshore. 

In the autumn with the more uniform physical (temperature) and 
biological (phytoplankton standing stock, distribution of planktivorous 
fish) conditions over the survey area, competition for similar resources 
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may become more important in regulating the abundance and species 
composition of the zooplankton taxa in a region. Nauplii, Bosmina 
tongirostrisj Daphn-ia spp., and Euhosmina oovegoni are all herbivores 
and may compete for similar resources. Cyclops biauspidatus (McQueen 
1969) and Ep-isoTna'a taaustvis (Main 1962) are omnivores and feed upon 
nauplii and immature copepodites. Leptodova hindtii is a carnivorous 
cladoceran which feeds upon Diaptomus spp., Cyotops spp., Daphn-ia spp., 
and possibly other taxa of zooplankton (Sebestyen 1931) . The rotifer 
Asplanohna spp. feed upon rotifer species which may compete with the 
herbivorous cladocerans (Edmondson 1960) . 

GENERAL DISCUSSION AND SUMMARY 

Initial analyses of the April, July and October major survey cruise 
data for 1974 have shown that the survey area could be divided into three 
major regions. These regions ran parallel to shore and were described 
as an inshore, a midshore, and an offshore region. 

The inshore region extended roughly out to the 5-10 m depth 
contours; it was characterized by a low standing stock of zooplankton 
and by the dominance of the smaller components (nauplii, immature Cyclops 
spp. and Diaptomus spp. copepodites, Bosmina tongirostvis) of the zoo- 
plankton. The midshore region extended beyond the inshore region out to 
the 15-20 m depth contours; it was characterized by a larger standing 
stock of zooplankton than the inshore region and by the increasing 
dominance of the larger taxa of zooplankton. The offshore region extended 
beyond the midshore region and at least as far as the 40-m depth contour; 
it was characterized by the greatest standing stock of zooplankton and 
by the dominance of the largest taxa (adult Cyclops spp. and Diaptomus 
spp., and Limnocalanus macrurus copepodites). 

There is strong circumstantial evidence which suggests that intense 
size-selective fish predation was the most important factor for the low 
standing stock of zooplankton in the inshore area, particularly in April 
and July. The numerically dominant fish in the survey area were the 
alewife, smelt, spottail shiner, yellow perch, and trout perch which used 
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the inshore area as a breeding and nursery ground during the spring and 
summer. These fish are planktivores; many have been shown to have 
exerted such a significant grazing pressure on the zooplankton that they 
have altered the species composition of zooplankton in various bodies 
of water over a number of years. The survey data presented in this 
section suggest that these fish can also cause spatial heterogeneities 
in the distribution of zooplankton. 

While field data taken in conjunction with many studies reported in 
the literature suggest that selective fish predation was the major factor 
responsible for the inshore-offshore differences in zooplankton abun- 
dance and species composition, this is difficult to prove because: 
1) Apart from the fish larvae, most of the fish data for the survey are 
expressed in units of number of fish collected rather than number of fish 
per volume of water. This makes it difficult to estimate the population 
size of many of the fish in the survey area. 2) It is difficult to 
determine from the literature how many zooplankton of a particular taxa 
a species of fish consumes during a day. Stomach content data are 
expressed in percentage composition units rather than in concentration 
units. Various taxa of zooplankton are more readily digested than others 
and the examination of the stomach contents of a fish may not always 
give a good estimate of the species of zooplankton consumed, particularly 
if the fish has not fed for some time. 

In order to prove that zooplankton are consumed by the fish in the 
inshore area at a faster rate than they are replaced (through reproduction), 
it will be necessary to overcome these problems in some manner. Then 
a dynamic description of zooplankton birth and death rates and fish 
predation rates would have to be made. Such a study may be conducted 
at a later time in order to better describe the interactions between fish 
and zooplankton in the inshore area. 

Preliminary analysis of phytoplankton data failed to show that zoo- 
plankton were more abundant or had a certain species composition in an 
area due to the phytoplankton standing stock of species composition. 
Phytoplankton were most abundant inshore while zooplankton were least 
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abundant in this region, Zooplankton grazing pressure on the phyto- 
plankton was probably greatest offshore; this pressure was probably 
a significant factor in contributing to the lower standing stock of 
phytoplankton in the offshore region. 

There was no indication from any of the analyses that water from 
the St. Joseph River, Michigan City or Gary, Indiana, or from the towns 
and streams along the shore of the survey area affected the spatial 
distribution of zooplankton. Nor was there any evidence of the Michigan 
city-Benton Harbor eddy in the survey area. However, the pattern of 
water circulation was important in maintaining the definition between 
zones or, in July, producing a fourth zone. 

Depth per se was probably not an important factor in the formation 
of zones. Littoral forms such as Eurytemora af finis decreased in abun- 
dance with distance offshore at some times of the year although they 
were frequently most abundant some distance from shore where fish pre- 
dation was less intense. Deep-water forms such as Limnoodlanus maovuvus 
and Diaptomus sicitis were restricted offshore by their intolerance to 
the higher epilimnetic temperatures. Their absence in the inshore region 
during July when an upwelling had occurred may have been due to selective 
fish predation. 

Differences in competitive success among various zooplankton taxa 
may contribute to the formation of zones although this was not investigated. 
These factors may have been of particular importance in the autumn when 
the planktivorous fish were dispersed over a wider area and when tempera- 
ture and phytoplankton distributions were similar over the entire area. 



96 



SECTION 4 

INVESTIGATION OF HETEROGENEITIES IN ZOOPLANKTON ABUNDANCE 
AM) SPECIES COMPOSITION IN THE FOREBAY 



INTRODUCTION 

In 1974 when the circulating pumps became operational, the zooplank- 
ton investigations were expanded to include 1) determinations of numbers 
and species compositions of zooplankton which are subject to condenser 
passage, and 2) determinations of numbers and species composition of 
zooplankton which are killed by condenser passage. 

Samples for these mortality determinations must be collected from 
the water entering the plant from the f orebay and from the water leaving 
the plant from the discharge bay. According to technical specifications 
for this study, samples for zooplankton abundances and species composition 
determinations must also be collected from the forebay and discharge bay 
areas . 

The design of the forebay is such that it is possible to collect 
zooplankton from many locations along the forebay and from many depths. 
Therefore it was necessary to determine a statistically representative 
sampling location and depth in the forebay. This section presents the 
results of these investigations. 

The design of the discharge bay is such that it is possible to sample 
from only one location in the discharge bay area. The velocity of the 
water in the discharge bay area is so high that it was necessary to 
introduce a rigid pipe apparatus which could be used to sample from this 
turbulent area. Samples can be collected from only one depth in the 
discharge bay. 

8 MAY 1974 STUDY 

Intvoduot-ion 

Cooling water is drawn from Lake Michigan through three 4.9 m diameter 
pipes located 686 m offshore in 7.3 m of water. The intake cribs form an 
equilateral triangle whose sides are approximately 76 m long and whose 
base is parallel with the shore (U.S. Atomic Energy Commission 1973). 
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Lake water passes from the three Intake pipes Into the forebay (see 
Fig. 1) which forms the "basement" of the screenhouse, an area approxi- 
mately 50 m long, 27 m wide, and 12 m deep. Although the forebay is 12 m 
deep, the actual height of the water varies v/ith the level of the lake; 
in 1974 there were 9 m of water. 

Access to water in the forebay is through a series of grates less 
than 1 m wide running along the western side of the screenhouse. There- 
fore samples for zooplankton abundance determinations can be collected 
anjwhere along the 50-m length of the screenhouse and anywhere within 
the 9 m of water. 

It was expected that water within the forebay would have a homo- 
geneous distribution of zooplankton. As the mouths of the three intake 
pipes are located within 75 m of each other, the pipes should sample 
similar water masses. Water is drawn through the intake pipes at 183 
cm/sec and enters the forebay at this velocity. The water passes through 
the travelling screens in the forebay at 39.6 cm/sec (U.S. Atomic Energy 
Commission 1973). These velocities are high, and water from the three 
intake pipes should be well mixed in the forebay. The velocity of the 
water in the forebay is higher than the swimming velocity of Lake Michigan 
zooplankton. As the lake water passes through the forebay in a matter of 
seconds zooplankton should not have time to migrate to particular depths 
or regions; therefore there should be homogeneous distributions of zoo- 
plankton throughout this area. 

The discharge bay on the north side of the screenhouse receives the 
water from the condensers of Unit 1 and has a 4.9-m diameter discharge pipe. 
In 1974, construction was completed only on Unit 1 so that all the water 
drawn into the forebay circulating pumps of Unit 1 was passed through 
the north discharge bay of Unit 1. 

Zooplankton samples can be collected at only one location within 
the discharge bay of Unit 1. However, because the water within this 
area is a mixture of water from the three intake pipes and because of the 
high velocity of this water, it would seem unlikely that spatial hetero- 
geneities in the distribution of zooplankton could arise. 
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If the water is as well mixed in the forebay as in the discharge 
bay, a sample of water collected from the forebay would have the same 
species abundances and compositions as a sample collected from the dis- 
charge bay. Similarly, samples collected from two locations within the 
forebay would have the same abundances and species compositions of 
zooplankton. 

Results of preliminary studies conducted by Stewart (1974) indicated 
that there were statistically significant differences in the mean abun- 
dances of zooplankton collected at different grates within the forebay 
(p<.01 for total zooplankton, Cyalo'ps and Diaptomus) and possibly from 
different depths (p<.05 for nauplii and harpacticoid copepods) • Follow- 
ing up these preliminary studies, further tests were initiated to resolve 
whether or not there was spatial heterogeneity in the distribution of 
zooplankton in the forebay in May 1974. This study focussed on the 
spatial and temporal variations in zooplankton abundance and species 
composition in the forebay. 

Materials and Methods 

The collection apparatus consisted of a diaphragm pump which drew 
water up through a 7.6-cm diameter plastic hose. The water passed from 
the pump through a 20-cm diameter net (158y mesh) which was suspended 
in a barrel of water in order to minimize the damage inflicted on the 
zooplankton. Water flowed out the bottom of the barrel through an out- 
let pipe equipped with a flowmeter which allowed estimates to be made of 
the pumping rate of the diaphragm pump. 

The diaphragm pump drew approximately 50 gallons of water per minute. 
At this pumping rate, water passed through the intake hose at 75.5 cm/sec. 
It is unlikely that the escape velocity of any of the zooplankton within 
the forebay was great enough to enable them to avoid being drawn into 
the hose. Also, as the velocity of the water in the forebay was approx- 
imately 39.6 cm/sec, zooplankton would not have been able to detect any 
vortices near the mouth of the hose or to react fast enough to escape 
capture. 
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The sampling program was designed to investigate whether there were 
significant differences in abundances of zooplankton at different grates, 
different depths, over periods of time of less than 5 hr, and between 
day and night. Samples were collected from midnight to 0500 and from 
noon to 1700 on 8 May. The sampling period was long because only one 
diaphragm pump was available, which necessitated a great deal of time 
in moving the hose and pump. 

Two sample locations were chosen on the Unit 1 side of the screen- 
house, one in front of travelling screen MTR 1-1 north of the screen- 
house and the second approximately 21 m south in front of travelling 
screen MTR 1-5. In this report, the locations will be referred to as 
grates MTR 1-1 and MTR 1-5. This method replaces previous methods of 
numbering the grates either by assigning numbers to individual grates or 
to sections of grates. 

Samples were collected 0.6, 5.5, and 8.5 m below the surface of the 
water. At midnight two 2-min samples were collected at each grate and 
at each depth and then the series were repeated. This procedure was 
followed during the noon series. A total of 48 samples were collected, 
which were later counted for zooplankton species composition and abun- 
dances by using the procedure outlined in Stewart (1974) . 

Data were examined by using an analysis of variance for factorial 
design performed on the Michigan Terminal System and employing California 
Biomedical Series program number BMD02V. Abundance data were first 
transformed to logarithms ( y = log (x + 1)), The percentage composition 
data were converted to the inverse-sine square root transformation CSteel 
and Torrie 1960). Four variables were analyzed, grates (2) x depths (3) 
X time (2) x day-night (2) . 

Data were further analyzed in order to determine whether particular 
species were heterogeneously distributed in the forebay. Zooplankton of 
a variety of shapes, sizes, and swimming ability were selected for 
further analysis. 

Nauplii are generally the smallest components of the zooplankton 
retained with a #10 mesh (158y) net; they are spherical in shape. Nauplii 
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are weak swimmers although they are capable of rapid darting movements 
over short distances. The cladoceran Bosmina tongivostris is spherical 
and somewhat larger (0.2-0.5 mm). These organisms are weak swimmers; 
when disturbed they may close their carapace. 

Copepods are rectangular in shape. Diaptomus spp., Cyclops spp., 
and EiwytemoTa af finis are approximately 1 mm in size as adults; the 
earliest or first copepodite stage in approximately the same size as 
nauplii. Copepods are capable of rapid, darting movements; because of 
their larger size and more streamlined shape they can dart further per 
movement than nauplii. 

Species abundance data were transformed to the logarithm (y = log 
(x + 1)) before the analysis. The species percent composition data were 
analyzed after transformation to the arcsine-square-root (Steel and 
Torrie 1960). 

Results 

Figure 33 shows the mean density of zooplankton collected at the 
two grates, three depths, two sampling times, and during the day and 
night; results of the analysis of variance are presented in Table 6. 
There was a significant (p<.005) difference in the abundance of zoo- 
plankton at grates MTR 1-1 and MTR 1-5. Grate MTR 1-5 had approximately 
25% more zooplankton than grate MTR 1-1. There was also a significant 
(p<.005) grate x day-night interaction; the two grates had similar den- 
sities of zooplankton during the day while grate MTR 1-5 had approx- 
imately 60% more animals per cubic meter during the night than grate MTR 
1-1. There was a statistically significant (p<.05) grate x depth inter- 
action; zooplankton densities increased with depth at grate MTR 1-1 
whereas at grate MTR 1-5 densities were minimal at 5.5 m and maximal at 
8.5 m. 

While the abundance of total zooplankton was similar in the forebay 
during the day and night, the abundance of several taxa of zooplankton 
varied significantly (Table 7) over the two periods. Nauplii and 
Diaptomus spp. copepodites (Fig. 34a, d,g) were more abundant during 
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FIG. 33. Concentration of zooplankton collected in the fore- 
bay at 2 grates, 2 sampling times over a period of 6 hr, 3 
depths, and during the day and night on 8 May 1974. Each 
histogram is the mean of 2 replicates. 
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TABLE 6. Results of the factorial analysis of variance 
on the log-transformed data for abundances of total zoo- 
plankton found in the 8 May 1974 heterogeneity study of 
the intake forebay. A value of n.s. indicates that the 
effect was not significant at the 95% level. 





Source 

of 
variation 




Degrees 

of 
freedom 


Mean 
squares 


Attained 
level of 
significance 


Day-night 


(1) 


1 


0.0083 


n.s. 


Grate 


(2) 




1 


0.1210 


.005 


Time i 


(3) 




1 


0.0027 


n.s. 


Depth 


(4) 




2 


0.0031 


n.s. 


1x2 






1 


0.1114 


.005 


1x3 






1 


0.0235 


n.s. 


1x4 






2 


0.0271 


n.s. 


2x3 






1 


0.0183 


n.s. 


2x4 






2 


0.0318 


.05 


3x4 






2 


0.0274 


n.s. 


1x2 


X 3 




1 


0.0002 


n.s. 


1x2 


X 4 




2 


0.0013 


n.s. 


1x3 


X 4 




2 


0.0156 


n.s. 


2x3 


X 4 




2 


0.0005 


n.s. 


1x2 


X 3 


X 4 


2 


0.0048 


n.s. 


Within replicates 


24 


MSE = 0.0088 


- 



the day while Cyalops spp. and Eurytemora af finis (Fig. 34b,c,e,f) were 
more abundant during the night. Bosmina. tongivostris (Fig. 34h) occurred 
in similar numbers during the day and night. The percentage due to each 
of the seven taxa varied significantly during the day and night. 

The abundance and percentage composition of some taxa varied signif- 
icantly with time. However, these significance levels were lower than 
for the day-night variations. 

The percentages due to immature Diaptomus spp. and Euvytemora 
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TABLE 7 . Results of analysis of variance on log-transformed zooplank- 
ton abundance data and inverse-sine square root transformed species 
percentage composition data for the 8 May 1974 day-night x grate x 
time X depth, heterogeneity study in the foreBay. "n.s." indicates 
that an effect was not significant at the 0.95 probability level. 
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(1) 




.0005 
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.0005 
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n.s. 


Time 
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n.s. 
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n.s. 


n.s. 
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n.s. 


n.s. 
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n,s. 


n.s. 
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n.s. 
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n,s. 


n.s. 
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n.s. 


n.s. 
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n.s. 
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FIG. 34. Concentration and percentage compositions of the various taxa 
collected from the forebay at 2 grates, 3 depths, and during the day and 
night on 8 May 1974 (each histogram is the mean of 2 replicates and 2 
sampling times). (a) Nauplii; (b) immature Cyclops spp. 
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af finis copepodites varied significantl}^ between grates. 

Nauplii, Cyclops spp. copepodites, and immature Diaptomus spp, cope- 
podites were all significantly more abundant at grate MTR 1-5 during the 
night than during the day and than at grate MTR 1-1 during the day and 
night. These taxa accounted for more than 75% of the total zooplankton, 
and the differences in abundances of these taxa during the day and night 
at the two grate locations was probably responsible for the significant 
day-night x grate interaction for total zooplankton. 

The other sources of variation were generally less significant. 
Abundance and species composition of zooplankton was similar at all three 
depths. While there were grate x depth interactions, significance levels 
were lower than for day-night, grate, and day-night x grate significance 
levels . 

Discussion 

Results of the May study indicated that there were statistically 
significant differences in abundance and species composition of zooplank- 
ton in the forebay. Some of these differences were anticipated, and 
allowances were incorporated in the design of the sampling program for 
1975 postoperational condenser passage studies. 

Many species of zooplankton undergo diel vertical migrations 
(Wells 1960) . Some forms may be at the same depths as the intakes 
during the day but move closer to the surface at night. Other forms 
may live on or near the bottom at night and may be in close proximity 
to the intakes only during the day, 

Zooplankton are patchy in distribution. Water masses flowing past 
the plant site may contain different species compositions and abun- 
dances of zooplankton. This would be most obvious on days in which 
the lake currents were strong or if an upwelling were to occur. 

The 1975 postoperational program has been designed to include abun- 
dance sampling in the forebay at sunset, midnight, sunrise, and noon 
over approximately a 24-hr period. These sampling times will compensate 
for changes in the vertical distribution of zooplankton and for changes 
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in the water masses flowing past the intakes. 

While the results suggest that at any one time zooplankton were 
heterogeneously distributed in the forebay, particularly with respect 
to grate, the reasons for these differences were not obvious. They 
were apparently associated with all categories of zooplankton. Larger 
and stronger swimming zooplankton were, apparently not concentrating at 
particular depths or at particular locations along the forebay. 

The power plant operated different circulating pumps during the 
collection series. Pump 1-1 ran 12 hr previous to the sampling program, 
pump 1-2 ran for the following 12 hr during the night series, while 
pump 1-3 ran for the 12 hr which included the day series. While it is 
unlikely that differences in power plant pump operation significantly 
affected the results of the study, this was subject to a test by re- 
peating the sampling program in August. 

6 AUGUST 1974 STUDY 

Int'PoduGt'ion 

The study conducted in August was similar to that conducted in May 
with five modifications: 1) The three circulating pumps of Unit 1 ran 
for 12 hr prior to study and during the following 24-hr sampling period. 
This was representative of 1975 postoperational conditions. 2) Three 
diaphragm pumps were used to collect zooplankton instead of only one. 
This allowed simultaneous sampling at three locations. 3) A single 
series was collected at midnight and a single series at noon, rather than 
the two at each period. 4) Zooplankton were collected at three grates 
in August rather than at two. An additional grate location was added, 
as results of the May study indicated there were large differences in 
zooplankton abundances between grates. 5) The zooplankton species 
composition was different in August, 

Materials and Methods 

Methods and analyses were the same as in May except that MTR 1-3 

was also sampled. Diaphragm pumps were set up at grates MTR 1-1, MTR 

1-3, and MTR 1-5 and replicate 2-min samples were simultaneously 
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collected at 0.6 m, then at 5.5 m and finally at 8.5 m. Samples were 
collected from midnight to 0200 and from noon to 1330 on 6 August 1974. 

Besutts 

Figure 35 shows the mean densities of total zooplankton collected 
at the three grates and three depths during the day and night; more 
(p<.05) were collected during the day than at night (Table 8). Zooplank- 
ton increased in abundance with depth (p<.05) with mean abundances vairy- 
ing from 35,761/m3 at 0.5 m to a maximum of 45,400/m3 at 8.5 m. They 
exhibited large differences in mean abundance between grates (p<.0005). 
As in May, zooplankton were more abundant at grate MTR 1-5 (57,370/m3) 
than at MTR 1-1 (32,467/m3); they were least abundant at MTR 1-3 (29,492/ 
m3). 

The abundance and percentage composition of 14 taxa of zooplankton 
were analyzed. Results are presented in Table 9 and Figure 36. Most 
species exhibited statistically significant day-night differences in 
abundance and percentage composition. However, only adult Cyatops hi-- 
ouspidatus and immature Eurytemora affinis had significant differences 
in abundance with depth. 

As in May, many taxa had significantly different abundances at the 
three grates; the only exception was Cyclops -Oevnalis. For all taxa of 
zooplankton, maximum abundances occurred at MTR 1-5 and minimums at 
MTR 1-3. However, most taxa had similar percentage compositions at all 
three grates. 

There was only one statistically significant interaction (day-night 
X grate for immature Eurytemora af finis abundance data) . This contrasts 
with the May study in which there were several significant day-night x 
grate, and grate x depth interactions. 

Discuss-ion 

Results of the August study were essentially the same as those in 
May. Zooplankton again varied markedly in abundance and species composi- 
tion over the 14-hr period, and were heterogeneously distributed in the 
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FIG. 35. Concentration of zooplankton collected in 
the forebay at 3 grates, 3 depths, and during the day 
and night on 6 August 1974. Each histogram is the 
mean of the 2 replicates. 
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TABLE 8. Results of factorial analysis of variance on log 
transformed abundance data for total zooplankton found in the 
6 August 1974 heterogeneity study of the intake forebay. A 
value of n.s. indicates the effect was not significant at the 
95% level. 





Source 




Degree 




Attained 


of 




of 


Mean 


level of 


variation 




freedom 


squares 


significance 


Day-night 


(1) 


1 


0.0673 


.05 


Grate (2) 




2 


0.3501 


.0005 


Depth (3) 




2 


0.0570 


.05 


1x2 




2 


0.0065 


n. s. 


1x3 




2 


0.0135 


n.s. 


2x3 




4 


0.0069 


n.s. 


1x2x3 




4 


0.0351 


n.s. 


Within replicates 


18 


MSE = 0.0140 





forebay at any one sampling time. 

Zooplankton varied in abundance between depths, but these variations 
were small in comparison to other sources of variation and had low signif- 
icance levels. Largest variations in abundances in the forebay were 
associated both in May and August with variations along a horizontal 
gradient, i.e., with grate location, and were associated with all taxa 
of zooplankton. Therefore it does not appear to have been a function of 
some factor operating selectively on zooplankton of a certain size, shape, 
or swimming ability. 

QUEST FOR THE MOST REPRESENTATIVE SAMPLING LOCATION 

Analyses of variance performed on May and August data indicated 
there were statistically significant differences in mean abundance of 
total zooplankton at the 6 or 9 locations which were examined. Such 
differences could have been obtained under several conditions. At one 
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TABLE 9. Results of analysis of variance on log-transformed zoo- 
plankton abundance data and inverse-sine square root transformed 
species composition data for 6 August 1974 day-night x grate x depth 
heterogeneity study in the forebay. A value of n.s, indicates that 
an effect was not significant at the 0.95 probability level. 











Source of vai 


■lance (a 


ibundance 


data) 




Taxon 


Day-night 
(1) 


Grate 
(2) 


Depth 
(3) 


1x2 


1x3 


2x3 


1x2x3 


Bosmina 


.05 


.005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Daphnia 


n.s. 


.01 


n.s. 


n.s. 


n.s. 


n.s. 


.05 


Holopedium 


.0005 


.005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Aeplanahna 


.005 


.0.05 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Nauplii 


n.s. 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Tropooyalops 


n.s. 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


C. bicuspidatuB immature 


n.s. 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


C. bitruspidatus adult 


.001 


.001 


.025 


n.s. 


n.s. 


n.s. 


n.s. 


C. vernatis immature 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


C. vernatis adult 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Diaptomus immature 


n.s. 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Diaptomus adult 


.025 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Eurytemora immature 


.0005 


.0005 


.025 


.025 


n.s. 


n.s. 


n.s. 


Eurytemora adult 


.0005 


.05 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 



Degree of freedom 



Source of variance (percentage-composition data) 



Taxon 


Day-night 
(1) 


Grate 
(2) 


Depth 
(3) 


1x2 


1x3 


2x3 


1x2x3 


Bosmina 


.05 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Daphnia 


.001 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Holopedium 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Asplanahna 


.005 


.005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Nauplii 


n.s. 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


TFopoayalops 


n.s. 
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n.s. 


n.s. 


n.s. 


n.s 


n.s. 


C. hicruspidatua immature 


n.s. 


.005 


n.s. 


n.s. 
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n.s. 


n.s. 


C. biouspidatus adult 


.01 


.05 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


C. vemalis immature 


.001 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


C. vemalis adult 
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.025 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Diaptomus immature 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Diaptomus adult 


.025 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Eurytemora immature 


n.s. 


n.s. 


.01 


n.s. 


n.s. 


n.s. 


n.s. 


Eurytemora adult 


.0005 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


n.s. 


Degree of freedom 


1 


2 


2 


2 


2 


4 


A 
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FIG. 36. Concentration and percentage composition of the various taxa 
collected in the forebay at 3 grates, 3 depths, and during the day and 
night on 6 August 1974. Each histogram is the mean of 2 replicates. (a) 
Bosmina Zongivostris; (b) Daphnia spp. 
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FIG. 36 continued, (c) Holopedium gi-hhemm; (d) Asplanchna pviodenta. 
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85 0.6 
(e) Nauplii; (f) Tropocyclops prasinus mexicanus. 
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FIG. 36 continued. (g) Immature and (h) adult Cyclops hiouspidatus. 
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extreme, zooplankton could have been homogeneously distributed at 5 or 8 
sampling locations while only one location had larger or smaller zooplank- 
ton abundances. At the other extreme, zooplankton could have had dis- 
similar abundances at all of the 6 or 9 locations. 

The first step in selecting a representative sampling location is 

to compute the mean abundance of zooplamkton in the forebay (x ) and 

r 

then compare this to the mean abundance of zooplankton at each of the 

6 or 9 grate-depth sampling locations (x ). Differences (d,a d) can 

g,a &''-' 

be expressed either in abundance units or in percentages (percentage of 
d,g ^ of the forebay mean). As the concentration of zooplankton varies 
from month to month, the differences (d, ■,) are expressed as percentages. 
Calculations were done for the j locations in May and 9 in August. In 
order to compare the May and August results, calculations were also made 
for August for 6 locations only (deleting grate MTR 1-3, Table 10). 

Calculations in Table 10 indicate that some locations consistently 
had higher zooplankton abundances than the forebay mean (e.g., MTR 1-5, 
0.6 m) while others had lower mean abundances (e.g., MTR 1-1, 5.5 m) . 
The d, 's varied from May to August and were dependent upon number of 

§5 U 

grates examined. 

Two locations had mean abundances which were consistently closest to 
the forebay mean abundance. Location MTR 1-1, 8.5 m, had a location 
abundance 2.9% lower than the forebay abundance in May, 0.5% higher in 
August for 9 locations, and -12% in August for 6 locations. However, 
this location is near the forebay bottom and, while a fairly representa- 
tive sampling location for the forebay mean, is not a suitable area from 
which to sample for various technical reasons. Large pieces of debris 
apparently drift along the forebay bottom and do on occasion clog the 
check valves on the intake hoses. Sand and gravel apparently pile up at 
the north end of the forebay; samples could be collected at 10.0 m at 
MTR 1-5 but the maximum sampling depth in August at MTR 1-1 was 8.5 m. 
In the future, this maximum sampling depth at MTR 1-1 may become shallower. 

Location MTR 1-5, 5.5 m, had a location mean 2.1% above the forebay 
mean in May, 24.6% above the forebay mean in August for 9 locations, and 
8.6% above the forebay mean for 6 locations. These values deviate more 
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TABLE 10. Difference (d,g ^j) between location mean (x ,) and forebay 
mean (icp) , both in abundance units (animals/m^) and as i percentage of 
the forebay mean, for the heterogeneity studies of May and August 1974. 



Meters 



MTR 1-1 



MTR 1-3 



MTR 1-5 



May results (6 locations) 
0.6 -1,613 (-22%) 

5.5 -711 (10%) 

8.5 -217 (-2.9%) 



+1,898 (+25%) 
+157 (+2.1%) 
+484 (+6.5%) 



August results (6 locations) 

0.6 -16,454 (-37%) 

5.5 -15,309 (-34%) 

8.5 -5,591 (-12%) 



+12,813 (+29%) 
+3,839 (+8.6%) 
+20,704 (+46%) 



August results (9 locations) 
0.6 -10,645 (-27%) 

5.5 -9,500 (-24%) 

8.5 +218 (+0.5%) 



-18,020 (-46%) 
-8,973 (-23%) 
-7,857 (+20%) 



+18,622 (+48%) 
+9,648 (+25%) 
+26,513 (+68%) 



widely from the forebay mean than the values calculated for MTR 1-1, 8.5m; 
however MTR 1-5, 8.5 m, is a technically better sampling location. While 
it provides an overestimate of zooplankton abundances in the forebay, 
this gives a safety factor in calculations of numbers of zooplankton 
passing through the power plant. 



CALCULATIONS OF CONFIDENCE LIMITS FOR d. 



g,d 



The upper and lower 95% confidence limits for the true differences 
at a single sample location can be calculated from the following equation: 



^g>d± t 05[v]/^^(P-^> 
V pm 
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where d„ j = - , - - 

MS = within cell variance (error mean square) 

-p = no. of levels (6 iii May, 6 or 9 in August) 

m = number of observations at each level (8 in May, 
4 in August) 

V = degrees of freedom within cells (23 in May with 
one missing data value, 18 or 12 in August) 

t = Student's t 

The above expression can be derived from formulae given by Kirk (1968, 
p. 74-76). Confidence intervals were calculated for the 6 locations in 
May and the 6 or 9 in August. 

If the upper and lower confidence limits are added and subtracted 
from dg^d and the resulting interval contains the value zero, then the 
location mean is not significantly different (at the 95% level) from the 
forebay mean. If the interval does not contain the value zero, then the 
location mean is significantly different from the forebay mean. 

The results of the calculations of the 95% confidence limits for 
the May and August sampling series and at location MTR 1-5, 5.5m were: 
May (6 locations) = +2.1% - 14.4%. 
August (6 locations) = +8.5% t 29.3% 
August (9 locations) = +24.6% ± 30.8% 
These indicate that the single location mean (x^d -i_r -lo') was not 
significantly different from the f oreba}?- mean (xj.) . Therefore this 
location can be considered a representative sampling location for the 
forebay. 

Table 11 shows for each of the 6 or 9 locations in May and August 
whether the location mean was significantly (95% confidence level) greater 
or smaller than the forebay mean or whether it was equal to the forebay 
mean. As expected, means at MTR 1-1 were equal to or smaller than the 
forebay mean while means at MTR 1-5 were equal to or greater than the 
forebay mean. There was no apparent trend with depth. Since the com- 
parisons shown are not orthogonal, the t-statistics are not independent. 
The significance tests do not have simultaneous meaning, but the results; 
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TABLE 11. Locations and times in which the location mean was greater 
than, less than, or equal to the forebay mean. 





Sampling 
locations 


Depth 


(6 


May 
locations) 


August 
(6 locations) 


August 
(9 locations) 


MTR 1-1 


0.6 


m 




< 


< 


= 


MTR 1-1 


5.5 


m 




= 


< 


= 


MTR 1-1 


8.5 


m 




= 


= 


= 


MTR 1-3 


0.6 


m 








< 


MTR 1-3 


5.5 


m 








= 


MTR 1-3 


8.5 


m 








= 


MTR 1-5 


0.6 


m 




> 


= 


> 


MTR 1-5 


5.5 


m 




= 


= 


= 


MTR 1-5 


8.5 


m 




= 


> 


> 



are presented nevertheless for information purposes. 

CONCLUSIONS 

The sampling locations MTR 1-5, 5.5 m, and MTR 1-1, 8.5 m, had 
mean zooplankton abundances which were not significantly different (95% 
confidence limit) from the mean abundance of zooplankton in the forebay. 
MTR 1-5, 5.5 m, was selected as the best sampling location as it avoided 
many of the technical problems associated with sampling at 8.5 m. 

Zooplankton varied in abundance over a 24-hr period primarily due 
to diel changes in the vertical distribution of several taxa of zooplankton. 
Variations may also have occurred when different water masses, each with 
its own composition of zooplankton, flowed past the plant's intakes. 
However, since the postoperational study plan includes sampling for 
zooplankton abundance estimates at sunset, midnight, sunrise, and noon, 
a reliable estimate should be obtained of the mean abundance of zooplank- 
ton in the forebay during that particular sampling day. 
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SECTION 5 
MORTALITY STUDIES OF FOREBAY ZOOPLANKTON 

INTRODUCTION 

An important part of the zooplankton study is the determination of 
numbers and species composition of zooplankton which are killed by 
condenser passage. This is accomplished by determining the percentage 
of zooplankton which are dead in the discharge-bay waters and in the 
forebay waters; from the difference in the two values one can calculate 
the percentage of zooplankton which are killed during condenser passage. 

There are two technical problems to be overcome in such a study. 
First, an apparatus needs to be designed which collects zooplankton with 
a minimum amount of damage being inflicted during the collection 
process. Secondly, a procedure must be developed which rapidly 
distinguishes between living and dead zooplankton for mortality deter- 
minations. 

METHODS AND MATERIALS 

The forebay and discharge bay are challenging areas from which to 
sample zooplankton. Water circulates through these areas at high 
velocities and this plus the limited physical accessibility precludes 
the use of conventional sampling gear such as plankton nets. 

Water pumps of various kinds have been used for years by limnologists 
and oceanographers to collect zooplankton (Aron 1958; O'Connell and Leong 
1963; Leong 1967; Beers et al. 1967) and have recently been used in 
some power plant studies. Centrifugal pumps have been used more commonly 
in oceanography, possibly because they collect continuous samples 
(in space and time) . These pumps have a motor-driven impellor which 
draws water through the pump at a continuous rate. This contrasts with 
a diaphragm pump; water is drawn in gushes through a flexible chamber 
which contracts and expands with the strokes of a piston which forms 
part of the roof of the chamber. 

There are no articles currently available In the literature which 
compare the mortality of zooplankton collected with a centrifugal pump 
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and with a diaphragm piimp. A diaphragm pump was selected for this study 
because it was thought that the possibility existed that zooplankton 
would be damaged on the impellor blades of the centrifugal pump. 

The sampling apparatus was designed to collect zooplankton both for 
abundance estimates and for the mortality study. Water was drawn up 
through a 7.6 cm diameter hose and passed through the pump into a barrel 
of water. A 50 cm net (158y mesh) was suspended in the barrel and 
excess water passed through an outlet pipe at the bottom of the barrel; 
the pipe was equipped with a flowmeter. 

Sampling and handling techniques were tested in May 1974 and high 
mortalities of forebay and discharge-bay zooplankton were observed. 
Several studies were made in the summer of 1974 and through the winter 
of 1975 in which various modifications were tested. Results of some of 
these studies are reported briefly in this section. 

DISCUSSION 

8 May 1974 

The first mortality study was conducted on 8 May 1974. Single 2- 
min samples were collected at grate MTR 1-6 (5.5 m) in the forebay and 
in the discharge bay; samples were collected at 0200, 0900, 1400, and 
2100. Water was circulating through the Cook plant condensers at this 
time although heat was not being added. 

Each sample was reduced to approximately 100 organisms by using the 
Folsom plankton splitter. The subsample was placed in a circular 
counting dish and the zooplankton were examined through a Bausch and Lomb 
Stereozoom microscope at a magnification of 20X to 140X. Zooplankton 
which exhibited no body or visceral movement were counted as dead and 
removed. The "live" and "dead" subsamples were preserved with Koechie's 
fluid (a sugar-based formalin solution) and later examined in Ann 
Arbor for species composition and abundance. 

Care was taken to minimize the methodological sources of damage. 
Formalin-free glassware was used at all times. The Folsom plankton 
splitter was new and had never been exposed to formalin, the major and 
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only toxic constituent of Koechie's fluid. Samples were handled in a 
formalin-free room and were preserved in a second room. 

Table 12 shows the results of the study. Forebay and discharge bay 
zooplankton mortalities were high and were variable from one time to 
another. The mean mortality of the discharge bay zooplankton was 
slightly higher than that for the forebay zooplankton, but this difference 
was not statistically significant. 

The high mortality of zooplankton could have been associated with 
the actual collecting technique or with the handling techniques in the 
laboratory. 

21 and 22 May 1974 

On these dates, zooplankton were collected using two different 
sampling methods; the same handling techniques were used in the laboratory. 
Two vertical net hauls (50 cm diameter, 158tj mesh) were made in the 
forebay and two in the discharge bay (the plant was not circulating 
water). A fifth haul was made in the lake in 9.1 m of water. A single 
sample was collected in the forebay and in the discharge bay by using 
the diaphragm pump. 



TABLE 12. Results of 8 May 1974 determinations 
of the mortality of zooplankton in the forebay 
and in the discharge bay at 4 sampling times. 
Numbers in parentheses refer to the total 
numbers. 





Zooplankton 


mortality (%) 


Time 


Forebay 


Discharge bay 


0200 


80 (415) 


76 (293) 


0900 


66 (147) 


55 (188) 


1400 


51 (132) 


75 (161) 


2130 


67 (77) 


68 (112) 
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Mortalities of zooplankton (Table 13) collected with the net were 
low in the lake and in the forebay. Mortalities were very high in the 
discharge bay, and more than half of the sample consisted of decayed 
zooplankton. Only fresh-looking zooplankton were counted, but mortalities 
were still over 30%. 

Mortalities of zooplankton collected with the diaphragm pump in the 
forebay were higher than those of zooplankton collected with the vertical 
net haul. Discharge bay mortalities were not reliably estimated because 
of the large percentage of dead and dying zooplankton. 

This study indicated that handling techniques in the laboratory 
were probably not responsible for the high mortality of zooplankton 
collected on 8 May 1974, but rather that it was associated with the 
collecting techniques. 

9 and lO July 1974 

Further attention was focussed on the collecting procedure. The 
initial investigation was a comparison of the mortality inflicted on 
zooplankton by a vertical net haul and by a diaphragm and centrifugal 



TABLE 13. Results of the 21 and 22 May 1974 study comparing the mortality 
of zooplankton collected by a vertical net haul with that of zooplankton 
collected with the diaphragm pump. Numbers in parentheses refer to total 
number of zooplankton examined; old zooplankton carcasses were not counted. 



Sampling method 
and location 



Mortality (%) 



Replicate A 


Replicate B 


Mean 


12 (242) 


11 (324) 


11.5 


13 (388) 


16 (470) 


14.5 


42 (159) 


33 (203) 


37.5 


37 (406) 


X 


37 


43 (338) 


X 


43 



Vertical haul, lake 
Vertical haul, forebay* 
Vertical haul, discharge bay* 
Diaphragm pump, forebay* 
Diaphragm pump, discharge bay* 



* Circulating pumps not running. 
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pump. The centrifugal pump used had the same pumping rate C50 gal/min) 
as the diaphragm pump. However, the intake hose was 5.1 cm in diameter 
in comparison with 7.6 cm for the diaphragm pump and thus the velocity 
of the water within the hose was somewhat greater. 

Approximately 100 gax &f filtered forebay water was put in a holding 
tank. For each test, a vertical haul was made in the forebay and the 
sample was split in half. One subsample served as the control. The 
second was placed in the holding tank, and the water was removed either 
by using the diaphragm or centrifugal pump. The net was, as in May, 
suspended in a barrel of water. This sample and the control sample 
were then examined in the laboratory and the mortality of the zooplank- 
ton determined. 

Table 14 shows the results of this study. There was no decrease 



TABLE 14. Results of the 9 and 10 July study comparing the mortal- 
ity of zooplankton collected from a holding tank by a diaphragm 
pump and by a centrifugal pump. For each sample, 2 subsamples 
were examined. Numbers in parenthesis refer to total number of 
zooplankton examined. 



Zooplankton mortality (%) 



^"™P Holding tank Net haul (control) Difference 

Diaphragm Rep 1 68.5 (496)* 14.0 (1,200)** 54.5 
Rep 2 56.0 (1,423)* 22.5 (2,388) 33.5 



Mean 62.3 18.3 44.0 

Centrifugal Rep 1 72.5 (375)* 10.5 (1,735) 62.0 

Rep 2 56.0 (408)* 9.5 (1,157) 47.0 



Mean 64.5 10.0 54.5 



* Holding tank not drained completely. This may account for the 
differences in the total numbers of zooplankton examined between 
those in the holding tank and those in the control. 

** One subsample only. 



127 



in zooplankton mortality when a centrifugal pump was used instead of a 
diaphragm pump. 

23 and 24 July 1974 

Two methods were tried to reduce the mortality of zooplankton. 
Attention was focussed on minimizing the damage inflicted on the zoo- 
plankton when they were impinged upon the net. 

Some of the velocity of the water from the pump is reduced when the 
net is suspended in a barrel of water. The original design had water 
passing out through the bottom of the barrel, probably creating turbu- 
lences along the entire length of the net. An alternate method was to 
close the outlet pipe and allow the excess water to flow out over the 
sides of the barrel. This technique has been used by Davies and Jensen 
(1974) 

The second method was to partially fill a 50-gal barrel with filtered 
water, place the net at the bottom, fill the barrel with water from the 
pump, and then draw the net up through the barrel (the net had a slightly 
smaller diameter than that of the barrel) . This technique had the ad- 
vantage that pximped zooplankton were not retained within the relatively 
close confines of the net during the sampling period. 

Samples were collected in the forebay at MTR 1-1 and at 5,5 m. 
Mortalities of zooplankton (Table 15) were slightly lower when water was 
pumped into a partially filled barrel of water, but mortalities were 
still high and were not comparable with net haul mortalities. 

August Simdies 

The results of the May heterogeneity study (Section 4) had indicated 
that zooplankton were heterogeneously distributed in the forebay. The 
factor or factors which caused the heterogeneous distribution of zoo- 
plankton in the forebay were not determined. One possibility was that 
the water flowed in eddies in various regions of the forebay and that 
large numbers of dead zooplankton accumulated in these areas. Alter- 
natively, dead zooplankton drawn into the power plant may have settled 
out at various depths as the water flowed through the intake pipes. 
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TABLE 15, Results of the 23 and 24 July study comparing -mortalities of 
zooplankton collected with, a diaphragm pump by 1) suspending a net in a 
barrel of water and allowing the pumped water to flow over the sides of 
the barrel during the 2 min sampling procedure, and 2) placing the net 
at the bottom of the partially filled barrel of water, filling the barrel 
with water from the pump, and then drawing the net up through the water. 
Numbers in parentheses refer to total numbers of zooplankton counted. 



Method 



Water over side 



Net in barrel 



Zooplankton mortality (%) 



Subsample A 



Rep 1 
Rep 2 



Mean 

Rep 1 
Rep 2 



Mean 



47 (364) 
41 (478) 



44 

36 (370) 
26 (161) 



31 



Subsample B 



40 (232) 
40 (366) 



40 

30 (456) 
34 (138) 



32 



Mean 



43.5 
40.5 



42.0 

33.0 
30.0 



31.5 



This may have resulted in the occurrence of large numbers of dead zoo- 
plankton at various depths in the forebay. Secondly, if samples for 
mortality estimates were collected in such areas, this would have re- 
sulted in extraneously high zooplankton mortality estimates. In order 
to test for this, studies were conducted to determine whether the pro- 
portions of dead zooplankton were heterogeneously distributed in the 
forebay. 

Two studies were conducted in August which examined the mortality of 
zooplankton at 0.6 m, 5.5 m, and 8.5 m. Results of the first study sug- 
gested that the mortality of zooplankton increased with depth at grate 
MTR 1-5. However, when this study was repeated a week later, similar 
mortalities (mean 33% bf 6 samples) were obtained at all depths. 

Novemher Study 

Differences in zooplankton mortalities between grates was not examined 
until November when construction of the discharge bay on Unit 1 was 
completed. These studies were inconclusive, in part because of the high 
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variability of the data and in part because a storm was in progress during 
the sampling. The storm apparently stirred up the bottom, for large 
numbers of dead zooplankton were drawn into the plant. The studies sug- 
gested that mortality may have varied between grates but these differences 
could not account for the high mortality of the zooplankton which had been 
observed consistently with all sampling techniques. 

22 January 1975 

Results of the November study led to the decision to design a new 
sampling apparatus based on a prototype developed by Icanberry and 
Richardson (1973) and used with slight modifications by Industrial Bio- 
Test Laboratories (1974). The design of the apparatus, called the 
"zaggot trap," is shown in Figure 37, The sampler is first filled with 
water and then the net is lowered into the water and the lid closed. 
Water is then sucked through the sampler by the diaphragm pump. 

Mortalities of zooplankton are reduced largely because the velocity 
of water in the intake hose is greatly reduced when it enters the body 
of the sampler. In a barrel of water, some of the energy is dissipated 
through turbulences generated largely at the air-r^water interface, but a 
large amount of the energy is reduced on impact with the net. In the 
closed sampler, there is no air-water interface and the velocity of the 
pumped water is quickly reduced by the large volume of the water in 
the sampler. The velocity of water is reduced from 75.5 cm/sec in the 
hose to 2.0 cm/sec in the net. This is accomplished by the net having 
a larger diameter (47 cm) than the hose (7 . 6 cm) . 

The sampler may also reduce damage to the zooplankton because it is 
located between the pump and the intake hoses. Zooplankton are sampled 
before passing through the pump. Some of the observed high mortalities 
may have been inflicted on the zooplankton during their passage through 
the pump. 

The system was modified from the original design of Icanberry and 
Richardson (1973). The sampler was made wider in order to further reduce 
the velocity of the water passing through the net. As the sampler is 
used in conjunction with a diaphragm pump (rather than the centrifugal 
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FIG. 37. Schematic view of the zooplankton sampler 
(Zaggot Trap) used in mortality studies in the 
forebay and discharge bay areas. 



pump used by Icanberry and Richardson and by Bio-Test), a damper was 
placed in the system to reduce the surging of water through the net. 
A check-valve was installed at the bottom of the intake hose. The 
sampler could then be back-filled with water from the pump and hose 
connections reversed while water was retained in the system. 

Table 16 shows the results of the January study. The mean 
mortality was 12% and, apart from sample 3, the variability among 
samples was small. This sampler has been used on subsequent studies 
and continues to inflict minimal damage on the zooplankton. It does 
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TABLE 16. Results of the 22 January 1975 study which determined the 
mortalities of zooplankton collected with the Zaggot Trap. Numbers in 
parentheses refer to the total number of zooplankton examined. 



Sample 



Zooplankton mortality (%) 



Subsample A 



Sub sample B 



Mean 



1 

2 

3 

4 

5* 

6 

7 



12 (92) 

8 (50) 

15 (93) 
24 (72) 

16 (61) 

10 (67) 

11 (113) 



14 (96) 


13.0 


12 (67) 


10.0 


19 (86) 


17.0 


6 (78) 


15.0 


11 (72) 


13.5 


8 (108) 


9.0 


9 (89) 


10.0 



Mean 



12.3 



12.7 



12.5 



* Collection period was one-half minute. 



not, however, collect quantitative samples and is more costly in time 
and personnel to use than the original apparatus. The zooplankton were 
collected from the forebay (MTR 1-5, 5.5 m of vrater, circulating pumps 
running) with the diaphragm pump; the collecting time was one minute. 
The original apparatus will be used to collect samples for abun- 
dance and species composition estimates from the discharge bay. The 
new apparatus will be used in the forebay and in the discharge bay to 
collect samples for zooplankton mortality estimates. A representative 
location in the forebay has not yet been determined. While it does not 
seem likely that the percentage mortality of zooplankton will vary with 
depth or among grates, this has yet to be confirmed. 

MORTALITY ASSESSMENTS AND COUNTING TECHNIQUES 

Various techniques were tested to rapidly assess the mortality of 
zooplankton. In May, when 200 zooplankters were examined and counted to 
species, it took over 1 hr to process a sample. This has been modified 
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now so that approximately IQO organisms are examined at a time, dead ones 
are counted and removed, live ones preserved and counted, and the two 
subsamples later recounted In Ann Arbor to the species level. This tech- 
nique has the advantage that mortality estimates are quickly available and 
further samples can be collected if the variability between samples is 
high. Usually three people can process up to 12 samples a day (2 sub- 
samples counted for each) in addition to collecting samples for abun- 
dance estimates and setting up incubation experiments. 

The use of a vital dye to distinguish between live and dead zoo- 
plankton would save time in the laboratory and would allow more samples 
to be collected than is now technically feasible. Dyes were tested 
throughout the summer and some have sho^m some promise, but none of the 
dyes were reliable. Several dyes were selected for testing, based on 
earlier experiments of Morgan (1973). Fifty live zooplankton were 
placed in a beaker containing a 0.50% concentration of the dye dissolved 
in water. Fifty zooplankton were heat-killed and placed in a second 
beaker. The dye was washed from the zooplankton 30 min later. Live and 
dead zooplankton were then examined under the microscope for the presence 
of the dye. 

1) Rose Bengal killed over 10% of the zooplankton (Cyclops hicus- 
p-idatus and Diaptomus) . However, it did not stain dye-killed zooplank- 
ton, heat-killed zooplankton, nor living zooplankton. 

2) Janus Green, at the concentration used, killed half the zooplank- 
ton. These dye-killed zooplankton were not stained, and heat-killed zoo- 
plankton were only slightly stained. Living zooplankton did not take up 
the stain. 

3) Fast Green killed 12% of the zooplankton; these zooplankton were 
not stained. Heat-killed zooplankton were only lightly stained. 

4) Azure A killed 25% of the zooplankton. These zooplankton took 
up the stain as did heat-killed and living zooplankton. 

5) Nile B killed and stained all the living zooplankton. All heat- 
killed zooplankton were stained. At lower concentrations the dye may be 
non-toxic and may stain only dead tissue. However, this was not investi- 
gated. 
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6) Toluidlne Blue killed 40% of the zooplankton. Dye-killed Diapto- 
mus spp, took up the stain while Cyclops Mauspidatus did not. All heat- 
killed zooplankton were stained. This dye may be useful at lower, less 
toxic concentrations. Some further Investigations would need to be 
conducted on dye uptake by dead cyclopoids. 

7) Erythrosin B was tested extensively. The dye is not toxic to 
living zooplankton at a concentration of 0.005%. Freshly killed copepods 
and cladocerans stain rapidly while cyclopoid copepods must be dead for 
several hours before they take up the stain. Therefore if a zooplankton 
sample were taken from the lake and stained, all dead cladocerans and 
calanpid copepods would take up the stain. Only cyclopoid copepods 
which had been dead for at least several hours would stain. This is 

of interest because it allows estimates to be made of the proportion of 
cyclopoids killed during collection and the proportion which were already 
dead. As zooplankton may not exhibit visual signs of decay until several 
days after death (Tinieller 1967), it is sometimes difficult to distinguish 
between freshly killed and "old-dead" zooplankton. As zooplankton death 
rates have been estimated as high as 0.3-0.5 of the population/day 
(Edmondson 1960; Tappa 1965), it was thought that a large fraction of 
the zooplankton counted as dead in the intake mortality samples may have 
been zooplankton that were already dead at the time of collection. 

On 23 July 1974, several zooplankton samples were collected for 
mortality estimates. One subsample was visually examined and the number 
of dead zooplankton determined. A second subsample was placed in the dye 
for 1 hr and then washed and preserved. When the sample was examined 6 
days later, it was observed that the dye retention was poor and lower 
proportions of Diaptomus spp., Cyclops hicuspidatus, Euvytemova affinis, 
Bosmina, Chydovus^ and nauplii were stained than were counted as dead 
in the visually examined subsample. 

Subsequent studies in the laboratory indicated that the addition of 
acetic acid to the washed sample to give a final pH of approximately 4 
to the preserved solution aided in dye retention. Samples were again 
collected from the forebay on 6 August 1974, Water was pumped into a 
partially filled barrel of water for 30 sec; a net lying at the bottom 
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of the barrel was then pulled up through the water. One subsample was 
visually examined for dead zooplankton while the second was treated with 
Erythrosin B as in July except that a few drops of acetic acid were 
added when the sample was preserved. The samples were examined 3 days 
later. 

Mean zooplankton mortalities were estimated at 30% (Table 17) by the 
visual and the dye methods. Estimated mortalities for calanoid copepods 
and cladocerans were higher while estimated mortalities for nauplii and 
cyclopoid copepods were lower with the dye method than with the visual 
observation method. Cyclopoid mortality estimates were expected to be 
lower with the dye method, as earlier experiments in the laboratory had 



TABLE 17, Results of 6 August 1974 study which compared techniques for 
estimating the percentage mortality of zooplankton. Numbers in paren- 
theses refer to total number of zooplankton examined. V = visual 
method, D = dye method. 







Depth 
(m) 


Method 






Zooplankton mortality (%) 






Sample 


Cyclopoid 


Calanoid 


Nauplii 


Cladocerans 


Total* 


1 


0.5 


V 


28 


(75) 


30 


(37) 


49 


(57) 


12 


(113) 


27 


(288) 






D 


7 


(41) 


12 


(17) 


13 


(23) 


11 


(58) 


10 


(146) 


2 


0.6 


V 


12 


(73) 


18 


(33) 


18 


(33) 


2 


(203) 


8 


(348) 






D 


5 


(60) 





(13) 


6 


(48) 


8 


(287) 


6 


(410) 


3 


5.5 


V 


19 


(54) 


15 


(27) 


22 


(18) 


24 


(111) 


21 


(215) 






D 


39 


(36) 


71 


(7) 


50 


(12) 


22 


(125) 


29 


(181) 


4 


5,5 


V 


67 


(27) 


65 


(17) 


83 


(6) 


22 


(87) 


39 


(140) 






D 


69 


(16) 


93 


(14) 


75 


(4) 


32 


(108) 


47 


(150) 


5 


8.5 


V 


63 


(40) 


45 


(22) 


18 


(17) 


22 


(116) 


30 


(211) 






D 


43 


(54) 


39 


(31) 


13 


(24) 


31 


(108) 


35 


(235) 


6 


8.5 


V 


82 


(28) 


92 


(13) 


53 


(17) 


37 


(102) 


36 


(162) 






D 


67 


(24) 


75 


(4) 


67 


(3) 


51 


(87) 


55 


(118) 


Mean 




Visual 
Dye 


45 
38 




44 
48 




41 
37 




20 
26 




30 
30 





Total number includes Asptanshna spp., a rotifer. 
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indicated that freshly heat-killed cyclopoids do not stain, The estimated 
mortality of cyclopoids by the dye method was 38%, which suggested that 
a large fraction of these zooplankton were already dead before collection. 
This was somewhat surprising as Industrial Bio-Test Laboratories (1972) 
obtained intake mortalities of less than 20% in August. An alternate 
explanation of the high percentage of stained cyclopoid copepods is that 
the collection process was so mechanically damaging to these zooplankton 
that the dye was rapidly absorbed into the cepthalothroax and antennules. 

The dye was again tested on 14 August. Results of the study were not 
as encouraging as those of the previous study. Total zooplankton mortal- 
ities (Table 18) were estimated at 34% with the visual method and 41% with 



TABLE 18. Results of the 14 August 1974 study which compared techniques 
for estimating the percentage mortality of zooplankton. V = visual method, 
D = dye method. Numbers in parentheses refer to total number of zooplank- 
ton examined. 



Zooplankton mortality (%) 
Depth — _ ^ 

Sample* (m) Method Cyclopoid Calanoid Nauplii Cladocerans Total** 



1 


0.6 


V 
D 


51 
38 


(224) 
(134) 


37 
64 


(27) 
(25) 


4 
50 


(24) 
(18) 


25 
31 


(83) 
(72) 


41 (361) 
39 (249) 


2 


0.6 


V 
D 


29 
44 


(270) 
(272) 


36 
53 


(53) 
(49) 


19 
67 


(42) 
(24) 


9 
18 


(260) 
(144) 


22 (728) 
39 (491) 


3 


5.5 


V 
D 


63 
18 


(273) 
(142) 


66 
25 


(62) 
(24) 


51 
38 


(53) 
(26) 


7 
14 


(388) 
(191) 


35 (780) 
19 (388) 


5 


8.5 


V 
D 


52 
90 


(219) 
(164) 


67 
73 


(36) 
(30) 


41 
100 


(34) 
(19) 


14 
25 


(187) 
(136) 


37 (480) 
65 (349) 


Mean 


Visual 
Dye 




49 
48 




52 
54 




29 
64 




14 
22 




34 
41 



* Results of the determinations from samples 4 (5.5 m) and 6 (8.5 m) are 
not presented, as most of the zooplankton in the dyed subsamples were 
heavily stained and all zooplankton were stained to some extent thus 
making live-dead separations extremely subjective. 
** Total includes the rotifer Asplanohna spp. 
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the dye method. Almost all the zooplankton were stained to some extent 
and only darkly stained zooplankton were counted as "dead." Nevertheless, 
a larger fraction of nauplii, calanoid copepods, and cladocerans were 
estimated as dead by the dye method than by the visual method. Cyclopoid 
copepod mortality estimates were similar with the two methods. The 
reason why the zooplankton took up the dye in excessive amounts was not 
determined; nor was it determined why cyclopoids killed during the 
collection process apparently took up the dye more readily than heat- 
killed cyclopoids. No further studies have been made on the use of vital 
dyes since the 14 August study. 

SUMMARY OF RESULTS 

1) A new sampler has been designed for estimating the mortality of 
zooplankton in the forebay and in the discharge bay. It inflicts minimal 
damage on zooplankton, and the variability in the mortality of zooplank- 
ton between samples is low. The apparatus is not useful for abundance 
estimates; the original sampler described by Stewart (1974) and in 
Section 1 of this text will be used for this phase of the entrainment 
studies. 

2) Studies have not yet conclusively^ determined whether or not the 
mortality of forebay zooplankton varies with depth and between grates. 

3) Vital dyes may be useful in the mortality studies, particularly 
Erythrosin B, although further investigations need to be made. At 
present, with one sampling location in the forebay and one in the dis- 
charge bay, and two sampling times, three people can visually process 
the 4 samples (8 subsamples counted) collected the morning, and in the 
afternoon, and examine the 8 6-hr incubation subsamples. If samples must 
be collected from more than one location in the forebay, it may become 
necessary to employ an alternate technique to assess zooplankton mortal- 
ities. The use of a vital dye is the most promising alternative. 
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SECTION 6 
THE EPIBENTHIC ZOOPLANKTON AT 6 METERS AND AT 9 METERS IN JULY 1974 

INTRODUCTION 

While both the zooplankton and the benthic communities are currently 
being studied as part of the Cook Nuclear Power Plant environmental in- 
vestigations, there is a region of overlap between the two communities 
which is not currently being studied — the epibenthic zooplankton community. 
Although vertical net hauls are made at every zooplankton station from the 
lake bottom to the surface, the design of the net and its mode of opera- 
tion make it impossible to sample those organisms living on the sediments 
or within approximately half a meter of the bottom. 

The epibenthic zooplankton have not yet been investigated in Lake 
Michigan. They have, however, been studied in some Minnesota lakes (Cole 
1955), Oneida Lake (Baker 1918), Lake Simcoe (Rawson 1930), Douglas Lake 
(Moore 1939) and a bog lake (Lindeman 1941), Both cladocerans and cope- 
pods have been found either living directly on the sediments or in the 
water just above the sediments. 

Epibenthic cladocerans are for the most part herbivores and detritus 
feeders. Copepods are also detritus feeders and herbivores, although some 
forms are also carnivores. In the trophodynamics of the lakes in which 
the epibenthic zooplankton were studied, these copepods and cladocerans 
consumed the detritus which was produced mainly by the plankton and 
littoral vegetation and were in turn consumed by predaceous benthic or- 
ganisms and fish. 

The study of the epibenthic zooplankton has relevance to the Cook 
environmental study because: 1) The epibenthic zooplankton are a part 
of the aquatic community which may be subject to damage due to condenser 
passage and/or entrainment. 2) The epibenthic zooplankton may consume 
dead or damaged pelagic zooplankton. This may be of importance if a re- 
latively large number of zooplankton are killed or injured during a con- 
denser passage and settle out of the water column near the power plant. 
The epibenthic zooplankton may present a mechanism by which organic 



138 



matter is circulated back into the lake rather than accumulating in the 
sediments, 3) Epibenthic zooplankton may be a significant food source 
for the various fish and benthic organisms which occur in the near shore 
area. 

In order to further study the epibenthic zooplankton, a series of 
core collections were taken on 22 and 23 July 1974, Results of the study 
on the epibenthic zooplankton are reported in this section. The results 
of the study of the zoobenthic organisms are reported by Mozley (1975). 

MATERIALS AND METHODS 

Duplicate sediment cores were taken at 5 stations approximately 
aligned parallel to shore and 80 m apart in front of the plant site. The 
first series of stations was taken on the afternoon of 22 July 1974 and 
was located along the 6 m contour, approximate depth at which the dis- 
charge structures occur. The second series of 5 stations was taken on 
the morning of 23 July and was along the 9 m contour, the approximate 
depth at which the intake structures occur. 

Lake conditions were rough with 0.6-0.9 m waves and strong winds. 
An upwelling was in progress during the entire sampling period. Deep 
water temperatures were not recorded but were probably close to 10°C 
(extrapolation from Fig. 25). 

The samples were collected by scuba divers. A plastic core tube 
(46.4 cm long, 7.2 cm internal diameter) was pushed into the sediments 
to an approximate depth of 15 cm. The core was then removed and the tube 
stoppered at both ends. A second sample was collected within 3 m of 
the first and both cores were brought to the surface. The contents of 
each core tube were then transferred to a labelled plastic bag. 

On shore, the contents of each plastic bag were transferred to a 
bucket and the water decanted off and poured through a plankton cod-end 
(#10 mesh window) . The sediment was washed several times and the water 
quickly decanted off before the suspended organisms had time to settle 
out. The water and plankton were then transferred to a labelled jar 
and preserved with Koechies fluid. 
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The microcrustaceans were identified under a Bausch and Lomb stereo- 
zoom microscope. Only intact organisms were counted; broken or otherwise 
damaged organisms were assumed to have been settled out dead zooplankton 
and were not enumerated. Copepods, cladocerans and ostracods were 
generally counted to the species level. 

RESULTS 

Table 19 shows the mean abundances, standard deviations, and per- 
centage compositions of the copepods, cladocerans, and ostracods which 
were enumerated. Abundances are expressed in numbers/m^ in order that 
the data be comparable with the zooplankton survey and entrainment data. 
It was therefore assumed in these calculations that the epibenthic zoo- 
plankton occurred on or above the sediments. Although Cyclops biouspida- 
tus copepodites have been shown to burrow in the sediments during the 
summer (Cole 1955), they apparently do so just before they form cysts. As 
C. bisauspidatus were not observed in cysts in any of the samples, it is 
probably valid to assume that they also were not burrowing in the sedi- 
ments. Canthooamptus staphyZinoides and Candona spp. also burrow in the 
sediments (Moore 1939), but they accounted for only a small fraction of 
the total zooplankton examined. 

Epibenthic zooplankton were more abundant at 9 m (279,685/m3) than 
at 6 m (181,337/m-^) . No vertical net hauls were made during the sampling 
series. However, zooplankton abundances at DC-1 were 42,560/m3 on 11 
July and 13,205/m^ on 22 August (Section 4). These data suggest that the 
epibenthic zooplankton community was quite large. The mean abundance of 
zooplankton collected during the 6 August entrainment samples was only 
39,109/m3, which suggests that only a small fraction of the epibenthic 
zooplankton is subject to condenser passage. This may be due to the 
fact that these organisms live close to the bottom and so are not 
drawn into the power plant with the plankton. 

The epibenthic zooplankton contained many species, most of which 
were only rarely collected during the regular survey cruises or in the 
entrainment samples. The majority of the species had, however, been 
previously captured in earlier collections. 
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TABLE 19. Mean abundances (numbers/m^) , standard deviations, and per- 
centage compositions of epibenthic zooplankton collected in core samples 
from 6 m and 9 m on 22 and 23 July 1974. 



Station C: 6m 



Station D: 9 m 



Taxon 



#/m3 



% 



#/m3 



% 



Copepod nauplii 
Cyclopoid copepods 



17546 18237 9.7 4934 5210 1.8 



iamiature 


59767 


38744 


33.0 


68619 


25504 


24.5 


Cyclops b-ious-pidatus t. 


3231 


2562 


1.8 


9498 


5369 


3.4 


Cyclops vevnalis 


19093 


15538 


10.5 


53755 


24335 


19.2 


Bucy clops agilis 


6110 


9333 


3.4 


8930 


6126 


3.2 


Paracy clops fimbviatus p. 


3212 


5069 


1.8 


8851 


2217 


3.2 


Tvopocy clops prasinus 








0.0 


157 


495 


0.1 


Calanoid copepods 














iuuuature Diaptomus 


1958 


1963 


1.1 


2037 


1817 


0.7 


Diap tonus ashlandi 


705 


578 


0.4 


1097 


919 


0.4 


immature Eurytemora 


1410 


1095 


0.8 


3995 


3682 


1.4 


Evirytemova affinis 


4935 


4323 


2.7 


8538 


5280 


3.1 


Harpacticoid copepods 














immature 


157 


330 


0.1 


548 


743 


0.2 


Canthocamptus staphylinoides 


1410 


1912 


0.8 


2350 


2688 


0.8 


Bryooamptus zschokkei 








0.0 


862 


1135 


0.3 


Cladocerans 














Alona affinis 


12455 


23510 


6.9 


23108 


17772 


8.3 


Alona spp. 


11828 


10975 


6.5 


39558 


19924 


14.1 


Alonella sp. 


2037 


1779 


1.1 


2115 


1773 


0.8 


Bosmina longirostris 


14178 


12842 


7.8 


1410 


1643 


0.5 


Chydorus sphaericus 


7755 


7949 


4.3 


1880 


1440 


0.7 


Dccphnia vetroourva 


78 


248 


0.0 








0.0 


Daphnia galeata m. 


78 


248 


0.0 


157 


495 


0.1 


Eubosmina oovegoni 


78 


248 


0.0 








0.0 


Euvycevcus lamellatus 


12768 


11949 


7.0 


23891 


10334 


8.5 


Ilyocryptus sovdidus 


157 


495 


0.1 


3212 


7287 


1.1 


Leydigia quadrangularis 


78 


248 


0.0 


940 


2708 


0.3 


Polyphemus pediculus 


157 


330 


0.1 








0.0 


Ostracods 














Candona sp. 


78 


248 


0.0 


9243 


20235 


3.3 


Total 


186195 


109470 




280663 


97963 
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Nauplil were more abundant at 6 m (17,546/m^) than at 9 m (4,934/m^). 
The abundance of nauplil at 9 m was similar to abundances in the July and 
August survey samples and the August entrainment samples. Nauplil, how- 
ever, were considerably more abundant in the 6 m core samples than in any 
of the plankton samples. While nauplil were not enumerated to the species 
level, most of the nauplil may have been cyclopoids. Adult and immature 
cyclopoid copepods dominated the copepods and Cyclops biouspidatus, C. 
vemxlis, Euayolops agllis, and Paraayalops fimbriatus females were often 
observed carrying eggs. Some nauplii may also have been produced from 
resting eggs of Episahura laaustHs (Selgeby 1975). This species was 
rarely observed in the July zooplankton, but occurred in large numbers 
in the August plankton samples. Eurytemora af finis may also have produced 
nauplii towards the end of July. 

Adult Cyclops bicuspidatus were more abundant at 9 m (9,493/m3) than 
at 6 m (3,231/m ). Abundances were somewhat higher than in the July and 
August survey and in the entrainment samples. 

Cyclops vemalis adults were collected in large numbers, with more 
animals being caught at 9 m (53,755/m^) than at 6 m (19,093/m3). Adults 
were rarely captured during the July and August survey samples, and a 
maximum concentration of SOO/m^ was observed in a July nighttime entrain- 
ment sample. These data suggest that Cyclops vemalis remain on or 
very close to the bottom and do not enter the plankton in any large 
number, at least in Lake Michigan. Adults have been observed in large 
numbers in the plankton of Lake St. Clair (Leach 1973) and Lake Erie 
(Andrews 1953). Andrews indicated that C. vemalis has a short develop- 
ment time and matures from nauplius to adult in less than 2 weeks; thus 
he concluded it was possible to miss population peaks. At 10°C C. 
vemalis requires over 2 months to complete its development from egg to 
adult (Coker 1934) and at 20°C would require approximately one month. 
As bottom water temperatures were 10-24°C during July and August, it is 
unlikely that the study missed a population peak. 

Immature cyclopoid copepods were not separated to species. Immatures 
were more abundant at 9 m (68,619/m3) than at 6 m (59,762/m3) and were 
considerably more abundant than in the July and August survey samples 
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and the July entrainment samples. Therefore a large fraction of these 
animals must remain close to the bottom during the day and night. Im- 
matures probably consisted of Cyclops biauspidatus^ C. vevnalis, 
Euayalops agitis, and Paraay clops fimhriatus. 

Eucy clops agilis and Paracyclops fimhriatus were more abundant at 9 
m than at 6 m. They were not collected in the July and August survey 
samples nor in the July entrainment samples. Therefore they probably 
remain near or on the bottom and only rarely enter the plankton. 

Tvopocyolops pvasinus mexicanus occurred in very low numbers (less 
than 157 /m ) in the epibenthic plankton. It occurred in similar abun- 
dances as in the July and August survey samples and the July entrainment 
samples. 

Immature and adult Diaptomus spp. were somewhat more abundant at 9 m 
than at 6 m. They occurred in similar abundances as in the July and 
August survey samples and in the July entrainment samples. Diaptomus 
spp., while a feature of the epibenthic fauna (Moore 1939), are largely 
planktonic and form only a small component of this bottom community. 

Euvytemora affinis adults and immatures were more abundant at 9 m 
than at 6 m. They were also more abundant than in the July and August 
survey samples and the July entrainment samples. Adults were most 
abundant in the entrainment samples during the night. These data suggest 
that E. affinis remains close to or on the bottom during the day and that 
during the night some unknown fraction of the adults enters the plankton. 
Immatures may, in addition to the night, spend part of the day in the 
plankton. 

Canthooamptus staphylinoides and Bryocamptus sp. were more abundant 
at 9 m than at 6 m. They were not collected during the July and August 
survey samples nor the July entrainment samples. This form probably 
only rarely enters the plankton. Some of the C. staphylinoides adults 
were observed in cysts. 

Alona affinis, Alona spp., and Atonella sp. were more abundant at 
9 m than at 6 m and accounted for 14-23% of the epibenthic zooplankton. 
They were not collected in the July and August survey and entrainment 
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samples. A few were taken in fish larvae collections made at night 
(Stewart 1974), but they accounted for only a small percentage of the 
total zooplankton. These species probably remain on or near the bottom 
during most of their lives and rarely enter the plankton. 

Bosmina longirostr-is was more abundant at 6 m (14,178/m ) than at 
9 m and occurred in densities intermediate to those of the July and 
August entrainment and survey samples. Bosmina sp. have previously 
been observed in the epibenthic zooplankton (Moore 1939) . 

Chydorus sphaerious was more abundant at 6 m (7,755/m3) than at 9 m 
(l,880/m3). The cladoceran was also more abundant than in the July 
and August entrainment and survey samples. Baker (1918) and Rawson 
(1930) also collected Chydorus sp. in epibenthic samples. 

Daphnia gdleata mendotae, D. vetpoaurva, and Eubosmina covegoni 
were collected in low numbers. They were less abundant than in the 
July and August entrainment and survey samples and apparently form 
only a minor component of the epibenthic zooplankton. 

Euvyaercus lamellatus occurred in large numbers and accounted for 
over 7% of the epibenthic zooplankton. These cladocerans were more 
abundant at 9 m (23,891/m3) than at 6 m (12,768/m3). g-^ lamellatus was 
not collected in the July and August survey and entrainment samples, 
although some animals were collected in nighttime fish larvae samples 
(Stewart 1974) . This cladoceran probably remains on or near the bottom 
with only a small fraction of the total population entering the plankton 

at night. 

Ilycryptis aeutiformis, I. sovdidis, and Leydigia quadrangulavis 
were more abundant at 9 m than at 6 m. However, they formed less than 
2% of the epibenthic zooplankton. These cladocerans were not collected 
during the July and August survey and entrainment samples or in night- 
time fish larvae collections (Stewart 1974). These species probably 
live on or near the sediments and do not enter the zooplankton. 

Polyphemus pedicrulus was collected in low numbers at 6 m. Abundances 
were similar to those of the August survey samples. P. pedioulus is 
probably not a regular or an important feature of the epibenthic zoo- 
plankton. 
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Ostracods were collected in low numbers at 6 m (78/m^) but were 
abundant at 9 m (9,243/m-') and formed over 3% of the standing stock of 
epibenthic zooplankton. They were not collected during the July and 
August survey cruises nor in the August entrainment samples. Stewart 
(1974) did not observe ostracods in his nighttime fish larvae collections. 
Ostracods probably remain close to or on the bottom and rarely enter the 
plankton. 

Nematodes were also enumerated. Concentrations are expressed in 
numbers /m because these forms probably do not enter the plankton but 
remain on or near the surface of the sediment. Nematodes do burrow in 
the sediments (Moore 1939) but to variable depths. Nematodes occurred 
in similar concentrations at 6 m (59,000'/m2) and 9 m (57,100/m2). If 
the mean concentration of epibenthic zooplankton is expressed in numbers/ 
m^, there were 182,129/m3 at 6 m and 182,129/m^ at 9 m. Therefore the 
nematodes were approximately as abundant as the zooplankton at 6 m but 
were less abundant at 9 m. Fish eggs were enumerated. Eggs were more 
abundant at 6 m (l,280/m2) than at 9 m (910/m2) . 

DISCUSSION 

Data collected from the core samples indicated that there was a 
large epibenthic zooplankton community at 6 m and an even larger epibenthic 
zooplankton community at 9 m. Concentration of these organisms was 
higher than the concentration of zooplankton which were collected during 
the July and August survey samples and the August entrainment samples. 
These data suggest that most of the epibenthic zooplankton community 
will not be subject to condenser passage, at least in August, as only 
a small percentage of the community apparently enters the plankton at 
night. As the thermal plume floats at the surface in the summer, it is 
unlikely that any of the epibenthic zooplankton will be subject to en- 
trainment except possibly in the scour area around the discharge struc- 
tures. 

The dominant epibenthic microcrustacea were the cladocerans Alona 
affin-is, Alona spp., and Euvyceraus lametlatus. These forms are typical 
littoral organisms and are not a regular component of the plankton. 
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The dominant copepods were Cyclops vemalis, Cyclops bicuspidatus, 
Eucyalops agilis^ and Paracyolops fimbriatus. All these taxa are 
apparently littoral forms, although C. hicuspidatus is also a memher of 
the plankton. Some typical planktonic forms also occurred in the epi- 
henthic zooplankton collections (Bosmina longirostvis, Chydovus sphaericus, 
Daphnia galeata mendotae, Euhosmina longirostvis :, Polyphemus pediaulus, 
Diaptorms spp.), although they formed a relatively small percentage of 
the total epibenthic plankton. These organisms were frequently as abun- 
dant in the epibenthic zooplankton collections as in the July and August 
survey and entrainment collections. The littoral Ilyocryptis aoutiformiSy 
I. sordidus, Leydigia quadrangularis^ ostracods, Canthocamptus staphyli- 
noides, and Bvyocamptus sp. were all rare. 

The epibenthic zooplankton species composition was similar at 6 and 
9 m for most taxa, although most organisms were more abundant at 9 m. 
Nauplii were more abundant at 6 m. However, as cyclopoid copepods were 
more abundant at 9 m and as these adults are predaceous on nauplii, 
these differences in nauplii distributions are not necessarily unexpected. 
The more typical planktonic cladoceran (Bosmina ooregoni,, Euhosmina 
longirostvis, Daphnia vetvocupva, Chydovus sphaevicus) were also more 
abundant at 6 m. 

If condenser passage were lethal to a significant percentage of the 
zooplankton and if these forms settled out of the water coltomn near the 
discharge structures, there would be a large epibenthic zooplankton and 
nematode community to consume these forms. In the summer months when 
cladoceran reproduction is rapid and many of the cyclopoid copepods 
are reproducing, there may be a rapid increase in the standing stock of 
these forms. It is unlikely that the dead organisms would settle out 
onto the bottom and slowly decompose; rather, they would probably be 
rapidly consumed and their organic matter returned to the food web. 

Many of the fish species which were collected in the near shore area 
by Jude et al. (1975) probably feed upon the epibenthic zooplankton. 
Alewife have been collected with such epibenthic zooplankton as Euvycer- 
cus lamellatus, Sida sp., harpacticoids, and ostracods in their stomachs 
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(Norden 1968; Morsell and Norden 1968; Rhodes 1971), Similarly, spot- 
tail shiners have been collected with such organisms in their guts 
(Basch 1968; Smith and Kramer 1964). Smelt, yellow perch, trout perch, 
and johnny darters feed upon the zooplankton when young and gradually 
feed upon the benthos as they Increase in size (Scott and Grossman 
1973). Various benthic organisms also consume the epibenthic zooplankton. 

The epibenthic zooplankton were more abundant at 9 m than at 6 m. 
This could have been due to several factors. First, as was shown in 
Section 5, fish predation was apparently most intense close to shore, 
when larval and juvenile fish were concentrated in this region in the 
summer. Therefore the differences in abundance of the epibenthic zoo- 
plankton may have been associated with relatively intense fish predation 
at 6 m. Nematodes apparently escape fish predation as they were equally 
abundant at 6 and 9 m. This may be due to their burrowing habits or to 
the fact that once fish feed directly upon the benthos they select 
larger forms such as amphipods, mysiids, and chironomids. 

Epibenthos zooplankton may also have been more abundant at 9 m than 
at 6 m because there may have been more detritus there. Observations 
made by scuba divers in the fall of 1973 indicated that patches of silt 
and detritus were observed more often in waters deeper than 10 m (Ayers 
and Seibel 1973). 

SUMMARY 

1) A large epibenthic zooplankton community existed at 6 m and 9 m 
in July 1974. 

2) Epibenthic zooplankton were more abundant at 9 m than at 6 m. 

3) Epibenthic zooplankton occurred in higher concentrations than 
zooplankton collected in entrainment samples in July or in vertical hauls 
collected during the survey cruises of July and August. 

4) Epibenthic zooplankton were numerically dominated by forms 
which spent most of their life either on or near the sediments and which 
rarely entered the plankton. However, typical planktonic forms were also 
collected. 

5) The data suggest that only a small fraction of epibenthic zoo- 
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plankton will be subject to either condenser passage or to entrainment . 

6) Epibentbic zooplankton were composed of herbivores, detritus 
feeders, and carnivores. In the event that relatively large numbers of 
injured or killed zooplankton settle out from the plume near the dis- 
charge structures, the epibenthic zooplankton offer a means by which 
organic matter is returned back to the food web. As these forms have 
high reproductive rates in the stimmer, they may increase in standing 
stock in response to an increased food supply. 

7) Epibenthic zooplankton are probably preyed upon quite heavily 
by fish in the inshore area. Epibenthic zooplankton may also be preyed 
upon by certain benthic organisms. 

8) Epibenthic zooplankton may have been more abundant at 9 m than 
at 6 m because of the lower fish predation rate and larger amounts of 
detrital material that characterize the deeper portion of the study 
area. 
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